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(57) Abstract 

A micioceUular communicatioas network includes a pluiality of 
base station units (106) and corresponding antenna units (102). The 
base station units are housed in a common location (114). Pj»-h 
includes eiflier conventiaial transmitters and leceiveis or idl digital 
transmitter and receiver equipment, and interface circuitry (112) lo a 
mobile ieleccmmunications switching office (11()); The midtxdl traffid 
output is a]^licd to a frame generator/multq>lexer. The output of the 
frame generatorAnuItiplexer is applied to a digtlally modulated laser. 
The laser output is conveyed by fiber b) a icmole antenna unit, which' 
demultiplexes de mictocell traffic signal and applies it to a digilal-lo- 
analog converter. The output of the digital-to-analog convoter is applied 
to a power amplifier, which in turn is connected to a imwi aoieima. 
RF signals^ from the motnle units are leceived at both a ™« and a 
The received signals ane filtered, digitized, multipiexed 



thus altews fiw the benefit of a digital system tc 

early stages of the iqjgnide while without the expense of Modifying die 
digital mioocdl antenna units in' the second stage of the upgrade. Digital 
filtering of the digitized RF signal is also provided, so diat only those 
cfammeb associaied with a ccU are ezliacted for transmission to and from 
die antenna onit, and a digital pasdve handoff system provides for an FFT 
analysis of all traffic in the eeil and passive switching in ic 
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CELLULAR RADIO SYSTEM WITH CENTRALIZED LOCATED BASE STATIONS 
5 AND DISTRIBUTED ANTENNA UNITS 

FleWpf the Invention 
This invention relates generally to hi^ c^ity mobUe 
aimraunications systems, and more particularly to a digital miodcellular 
communication system. 

10 

Background 

A conventional cdlular phone system 5 is sIk) in FIGURE 
1 A Such systems are curraitly in widespread use in the liiited States. As 
illustrated in FIGURE 1 A, ^'Stem 5 has a fixed number of channel sets 

15 distributed among the base statioas 12, 13 serving a plurality of cells 11, 16 
ananged in a predetermined reusable pattern. Typical cell areas Mnge firam 1 
to 300 square miles. The larger cells typically cover rural areas and smaller 
cells cover uiban areas. Cell antoma sites utilizing the same channel sets are 
spaced 1^ a sufficient distance to assure tiiat co-diannel interferoice is held to 

2.0 an accqjtably low level. 

A mobile unit 10 in a cell 1 1 has radio telephone transoehrer 
eqwpnMnt \yhich comniunicates vwth similar^^^i^ 
12, 13 as the unit moves fixnn cell to cell. Each base station 12, 13 relays 
telqshone signals between mobile units 10 and a mobile telecommunications 

25 switching office (MTSO) 17 by way of communication lines 18. The lines 18 
between a cell site and the MTSO 17, typically Tl lines, cany separate voice 
grade circuits fijr each radio channel equipped at the cell site, and data circuits 
for switching and other control functions. The MTSO 17 is also connected 
through paths 19 to a switched telqahone network 15 inchiding fixed 

30 subscriber telephone stations as well as various telephone switching offices. 

MTSO 17 in FIGURE lA includes a switching network for 
establishing call connections between the public switched telephone network 
15 and mobile units 10 located in cell sit(Si 11, 16, and for switching call 
connections fixxn one cell site to another. In addition, the MTSO 17 includes 
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a dual access feeder for use in switdiing a call connection from one cell site 
to another. Various handofif criteria are known in the art and utili2se feattires 
sudi as phase ranging to indicate the distance of a mobile unit from a 
receiving cell site, triangulation, and received signal strength to indicate the 
5 potential desirability of a hm^ in tbe MTSO 17 is a central 

processiiig unit for pro(xs^g data reodved from the cell sites and 
sqjqyisoiy signds obtained fixxn the netvvoric 15 to (xmtiol the operation of 
setting iqp and taking down call connectims. 

A conventional base station 12 is illustrated in FIGURE IB. A 

10 radio (xxitroUer unit 22 provides tte j^^ between the Tl lines from the 
NTHSO and the base staticm radio: equipmdi^ 23, one fcx- each 

diannel soviced by the base station, are drivoi by circuit 22, which supplies 
each transmitter with an analog voice sigial. Next, the signals are passed to a 
separate nonlinear power amplifier for each (dianneL, or the signals may be 

15 combined and applied to a single linear poww anqilifier 24 as shown in 
FIGURE IB. The output of power amplifier 24 is agjplied throu^ duplexer 
25 to antenna 26, to be broadcast into tiie ceUuIar area soviced by the base 
■ : , : station. 

Signals received in antenna 26 are applied throu^ duplexer 25 
20 to filter 27. Filto: 27 isolates the entire cellular band signal from adjacait 
bands and applies it to receivers 28, one for eadi channel Hie analog voice 
signal outputs of receivers 28 are ^lied to circuit 22. Base station 20 may 
optionally include a diveisity antenna 26a and ccm^ divosity filto- 
27' and a plurality of diversity recdvios 28', oie for eadi associated main 
25 receiver 28. Wh«e implemented, flw outputs of divereity receivras 28' are 
^lied to ciroiit 22v vvMch would thus iticlude circuitry for selecting tiie 
strongest signal as between correqxxiding receives 28 and 28' using known 
techniques. 

In densely populated uiban areas, the capacity of a conventional 
30 system 5 is severely limited by the relatively small numba- of channels 

available in eadi cell 1 1, 16. Moreovo-, the cova^ of urban cellular phone 
systenK is limited by blodo^ attenuation and shado\Mng of tiie RF signals 
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by hi^ rises and other structures. This can also be a problem with respect to 
subuiban ofBce buiidings and conplexes. 

To increase capacity and coverage, a cell area can be 
subdivided and assigned frequencies reused in closer proximities at lower 
5 power levels. Subdivision can be accon?>lished by dividing the geogr^Aic 
territory of a cell, or fir example by assigning cells to^ or floors 

within a bdlding. While sudi '"microceU" sys^^ 
c£Q)adty and coverage problems^ it can be difOcuh to find spac» at a 
reasonable cost to install conventional base staticm ec^prnoit in ea^ 

10 microcell, especially in densdy populated urban areas. FiirthemMiTe, 
maintaining a large numba of base stations spread throu^out a densely 
populated urban area can be time consuming and uneconomical. 

AT&T has proposed a system to solve the problem of coverage 
in urban areas without having to deploy a large number of conventional base 

15 stations. The system is shown and described with respect to FIGURE 1 of 
AT&Ts European Patent Application No. 0 391 597, published on October 
10, 1990. In that system a grid of antennas sites 40 is placed throu^out the 
miax)celhilar system^ An optical fiber netwcxlc 42 interc(ninects the antennas 
with the base station 44. C^ical wavelength carrien are analog modulated 

20 with mobile radio diamiels fw ttansa^ 

network 26 to the antennas sites 22. A detectcn- circuit 27 is provided for 
eadi anteima site 22 to recdve the modulated earner and recOTstrt^ an RF 
signal to be qjplied to Ifae antenna sites 2% fat transmission into the mioocell 
area 21v RF sig^s received at antenna si^ 

25 likewise modulated onto a fiber and transmitted back throu^ optical fibo- 
network 26 to base station 25. All of the channels transmitted from base 
station 25 are distributed to all antenna sites 22. Also, all the channels 
transmitted from the base station 25 can be received from the mobile units in 
any microcell 21 and transmitted via optical fiber to base station 25. 

30 The above-described AT&T system has certain limitatirais. The 

ability to analog modulate and donodulate light, the limitations urposed by 
line reflections, and path loss on the fiber all introduce significant distortion 
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and errors into an analog modulated signal and therefore limit the dynamic 
range of the signals which can be effectively carried via an analog system, 
especially in the t^link direction. These factors limit the distance from the 
base station to the antenna sites. 
5 NforeovsTji in AM^stons an omK)f-band sig^ 

transmit cantiol and alarm informaticm to and fixim the antenna sites, again 
adding to the ogiense of the modulation and donodulation equipment 
Moreover. piovision of other services sudi as pagbg systems, personal 
communications networks (ICN or mobile data services are not easily 
10 added to analog AM systems such as that diown in AT&Ts^^^ 
s^lication. 

Furthennore, the AT&T system teaches the use of dedicated 
fiber lines installed for each remote antenna site. It would be desirable if 
preexisting transmission lines or fiber paths could be utilized so that 

15 installation of new fibers could be avoided 

Another ^jproach to increasing coverage is disclosed in U. S. 
Patent No. 4,932,049 to Lee. The Lee patent describes a "passive handoff' 
system wherein a cell is subdivided into sevoal zones, witfi a directional 
antenna orioited to cover each zone. All the antenna's in^ cell are soviced 

20 by the same set of transmitters and leceivos. A zone s^^ 

selectively ctnmect the transmitters and receivers to tiie antenna units. In 
q)eration, the antenna best able to service a mob unit on a given channel is 
connected to the inaismitter/receiveF pa^^ 
MTSO, and the other antennas disconnected fit)m that trm 

25 pair. To control &e switdiing of transmitters and receivers to the antennas, a 
scanning receiver COTtimwusly polls the strength of sigpa^ received at the 
antenna units on all active channels in the cell. The zone having the best 
receiver signal strength is selected as Ae active zcKie fw the associated 
channel. The system disclosed in the Lee patait thus allows for improving 

3 0 communications with mobile units ^^e at the same time reducing 

intoference with otho* cells by directianalizing and limiting overall signal 
strength m a cell. 



Summaiy of tfie Invention 

The present invention provides improved coverage and 
increased capacity by assignmait of reusable channel sets throughout the 
microcell system, without the need to defiay indqjendetit, craivaitional base 
stations in eadi microcell area. It also provides good dynamic range ova: 
extended distances as eraiipared to analog systans such as the AT&T systan 
desaibed above. 

According to one ©cenplaiy embodiment of tiic jwesent 
invHitiai, there is provided a miaxwdl system v(*erein a plurality of 
commonly located miax)cell base station units conunuiiicate vvith a 
corresponding plurality of miarocell antaina units deployed in respective 
microcell areas. Each base station unit includes conventional RF base station 
transmitter and receiver pairs, one for each channel assigned to the microcell. 
Additional receivers are also provided to receive diversity channels. The RF 
signal outputs fiom fte transmittots are combined and applied to a teoadband 
analog-to-di^tal converto:. The digitized signal is transmitted over optical 
fiber to a miCTOcell unit. Eadi micnxsell unit recdves a digitized RF signal 
and reconstructs the analog RF signal using a digital-to- analog cdiivater. 
Ihe rec(nistructed RF signal is sailed to a power anpUfier, the output of 
vkiridi is fed to an antenna for broadcast into the miaocell area. 

■ I The antenna units include both a nxdn and a div 
The antennas eadi independendy recdve RF signals fixmi the^^^i^ 
The RF signal fix)m the main antaina is fihaed thrbUj^ a first jset of filtras, 
one for each channel assigned to the microcell, and the combined filtered 
main signal appUed to an analog-ttxiigital converter. A second set of filters 
receives the diversity signal from the diversity antenna The diversity signal 
is also applied to an analog-to-digital converter. The digitized main signal 
and diversity signal are multiplexed and transmitted over the optical fiber 
back to the microcell base station. The base station in turn includes a pair of 
digital-to-analog converters wiiidi reconstruct the main and diversity analog 
RF signals for q^lication to tiie receives. The strongest signal is selected for 
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use in accordance with conventicKial diversity technology. Conventional 
circuitry interfaces the transmitters and receivers to the MTSO. 

Thus, the exemplary embodiment outlined above contemplates 
that the microcell base station/antenna unit pairs are arranged to provide a 
5 reusable pattern of diaimels (as in convaiti(»ial cellular tedinology) in the 
mioiocell system. The microcell base statical units do not nomially include an 
anbama, and can be located in a convmioit and preferably low cost locatioi, 
v(4iich be outside of the microcell system tenitoiy if desired. 
According to anoflier exenq^ 

10 may be dqjlcyed to extend the coverage in a conventional^ a^^^ 

anbodimentj the base station may include an antenna for transmission and 
reception of analog RF directly fiom the transmitters and receivers, while at 
the same time transmitting and recdving from a miaocell antenna unit using 
the digital carrier over a fiber as described with respect to the first exemplary 

15 onbodimoit. 

According to another exenplary embodiment of the invention, 
the digitized microcell traffic is carried in a fi:ame format to and fixMn the 
antenna units. Each fiame includes a plurality of bits assigned to cany a 
sample of the digitized microcell traffic, with otho- bits enqjloyed fiw control 
20 and nMjnitoringofeqmpment, eiror detection and correction, ^o^^ 

point-to-point voice traffic between the base station and Ifae antenna unit 
Altetiiate services such as personal communications network traffic, paging 
sovices and mobile data services may also be canied using the fiaming 
format. 

25 According to yet anotho* ^ernplaiy embodiment of the 

invention, the fiber carrier nuty be replaced with cable or other carrier 
. medium. , , . . ., 

According to still anther exeirqjlary errdx)dinien^ the iiiventioi 
can be deployed to (fistribute a single set of diannels to a pluttility of 
30 microcell areas. In this embodimait, a single base station unit sends the same 
set of digitized diannels to a piurali^ of miaiocell antenna laiits, v^diich in 
turn return the same sei of diannel signals to the miaocell base staticnt 



Therefore, the invention eliminates the problems associated 
with analog AM (or FM) systems, such as that illustrated in tiie above- 
mentioned AT&T application, by using a digital transport resulting in better 
signal quality and for greater range between a base station and a miarocell 
antenna unit. As employed in one Qxemphay onbodimert, the invention 
greatly increases system edacity over existing mobile telqtae systems 
without the requiratnent of deploying conventional base station equipmoit in 
each microcdl area, and allows for provision of altemative services sudi as 
paging systems, mobile data sCTvices or pasonal communication networks. 
The j»:esent invrntion also improves the dynamic iange of the sigiml and 
extends the distance signals may be reliably transported fiom the base stations 
to the antenna units. In another exemplary enibodiment, the iftventidn 
provides readily for the transmission of control and monittaing information to 
and fiom the microcell antaina unit. 

To provide additional advantages, an exaiq)laty all-digital 
embodiment of a microcell system is also irovided vvherein a plurality of 
CQtnmivily located digital microcell base statim units communicate with a 
corresponding plurality of microcell antenna units dq>loyed in respective 
microcell areas. According to this all digital embodimoit, ■flie base staticms 
are fiilly digital and synthesi2e a digital signal directly fixim the Tl carrier 
recserved from the MTSO; The distal signal is traijsrnitted ova optical fiber 
to the miaocell units; The miaocell units receive the digital signal, and 
construct an analog RF signal using a digjtal-to-an^ The KF 

signal is ^lied to a power amplifier, the ou^ of which is fed to an 
antenna £r broadcast into the miarocell area. The antenna units r^ive RF 
signals fiiom fliemobile units. The RF sigjial is filtered throu^ a set of 
filters, one fijT each diannel assigned to the microcell, and the filtered signal 
^plied to an analog-to-digital converter. The digitized signal is transmitted 
over the optical fiber bade to the digital microcell base station. The base 
station in turn directly synttiesizes tiie digital signal onto flie Tl carrier back 
to the MTSO. Convoitional drcuitiy intafaces the transmitters and receivers 
to tfie MTSO. Thus, tWs exenplaiy embodirnent contonplatei that the 



miciocell base station unhs are^ ^fo^^^ and eliminate the need for RF 

equipment at the base statiai as well as for analog-to-digital and digital-to- 
analog conveitets, thus providing the opportunity to reduce both the cost and 
volume of equipment required at the base station site, and to reduce 
5 maintenance needs on inherently less reliable analog equipmoit Hie digital 
microcell base station units can be located in a convenient and preferably low 
cost location, wWch may be outside of the microcell system tetrilDiy if 
desired. 

A method ^ch allows for the r^id dqjlqyment of a system 
^0 the type using analog-type base stations while pemiitting the easy upgrade 
of such base stations to aU digital technology is also provided. The method's 
first stage call^ for dqjlpying a plurality of mictocell base station units as 
described above, each including conventional RF base station transmitters and 
receives, one for eadi channel assigned to the microcell. 

In the second stage of deployment, the analog base stations arc 
replaced with all-digital base stations wherein the base stations are fully 
digital and synthesize a digital signal directly from the Tl carrier received 
from the MTSO. The digital signal is transmitted over optical fiber to the 
microcell antenna units installed in the first stage of deployment. Hie 
microcell antenna units receive the digital signal, and construct an analog RF 
signal using a digital-to-analog converter. The RF signal is applied to a 
power amplifier, the output of which is fed to an antenna for broadcast into 
the microcell area. Tlie antenna units also recdve RF signals fiom^^^^^^ 
units. The RF signal is filtered through a set of filters, one for each channel 
assigned to the microcell. and the filtered signal appUed to an analog-to^figital 
converter. The digitized signal is transmitted over the optical fiber back to 
the digital microcell base station. The base station in turn directly synthesizes 
the digital signal onto the Tl canier back to tiie MTSO. 

Thus, the ©cemplary embodiment outlined above contemplates 
that the antenna units installed in the first stage do not need alteration or 
rg)lacement when the analog microceU base station units are rqilaced with all 
digital microcell base stations. The method thus allows the full baiefit of the 
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ail-digita! base station to be accomplished without the expense of modifying 
esdsting installed microcell antenna units. 

According to yet another alternate, exen^jlary embodiment, the 
digitized RF signal, carrying either microcell or PCN traflSc, is fiamed for 
5 transmission over a switched telephone network. In this embodimeiit, a 
limited number of digitized microcell or PCN diannels are grouped togdher, 
in a standaid fiaming format for transmission using a standard DS-3, OC-U or 
other protocol. 

In yet another alternate, exanplaty embodiment, digitized 
10 microoell or PCN RF signals are transmitted over th^ installed fiber 
infiastiucture of a cable system fixim the head end to flie Of) 
amplified modulated (AM) formaL 

A still fiirther exemplaiy embodiment contemplates the 
transmission of the microcell or PCN trafSc in digital form over the cable 
15 system feeder lines, using QAM modulation or other digital modulation 
formats. 

"nius, according to these embodiments, iTiicrocell or PCN 
channels may be transmitted over an established switched network or using 
established cable system infrastructure. 

20 According to still another embodiment of the inventioii, there is 

provided a passive handoflF systan using digital signal analysis to rapidly 
switch transmitters and recfflvers anMmg differ in diflferent 

miaocell zones of a cdl. 

According to yet stai another embal^^ 

25 there is provided decimation filters for digitally filtering biit a selected number 
of charmds fixjm the digital stream output from the analog-to-digital 
converter, and multiplexing the selected channels onto one or moi« lower 
speed carriers, such as a Tl line or SONET cairiCT. 

According to yet still another embodiment of the invention, a 

3 0 passive switching method is described for use in a cellular phone system 
having a plurality of macrocells iiKluding a first maoocell, eadi macrocell 
sharing a common set of channels, the method conning the st^ of 
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providing a plurality of prim^ and secsondaiy microcdll antenna units; 
dividing the first maaiocell into a plurality of primaiy microcdls, wherein the 
step of dividing includes placing the primary microcell antenna units so as to 
provide coverage over the first macrocell; providing a plurality of secondary 
5 miCTOceli antenna units; placing the secondary microcell antenna units to 
provide macrocell coverage overlapping the primary microcells; at a base 
station, generating a digiti2ied rqjrescntation of a telephone signal received 
from a mobile telephone switching office, selecting a microcell fixim said 
plurality of primaiy and secondaiy microcells and transmitting the digitized 

10 representation to die microcell antenna unit of the selected micnxsU; 

receiving, at the selected miaxK%ll, tiie digitized iqsiesentationj geneniting a 
carresponding RF signal by digital-to-anaiog conversion, and bnadcasting the 
RF signal in the selected mioocell; receiving RF signals in eadi of the 
plurality of primary and secondaiy microcells for the set of channels, and 

15 converting the RF signals recdved to corresponding digitized RF signal 

rqsesentations for transmission bade to the base station; at the base receiving 
the digitized RF signal rqsresentations from the primaiy and secondary 
microcells; and monitoring the digitized RF signal rq>resentations from each 
of the primaiy and secondary microcells and based on Ihe energy level of 

20 each channel in each zone, selectively controlling the channels broadcast into 
each of the primary and secondary microcells and selectively choosing the 
microcell from the plurality of primary and secondarymicrocell in wiiidi a 
recdved channel is received so Aat passive switching may be accon^lished. 

According to yet still another cmbodiinent of the invention, a 

25 method of sectcnizing covoage ova* a particular cellular cwiiiiiunicatiQns' area 
is Ascribed, the mettiod conpising Ifae stqs of providing a remote unit 
having a plurality of inicroGell aitenna units, including a first and a second 
microcell antoma unit, whodn eadi mii^ocell antenna unit conpises an 
antenna configured to cova: a particular sertor and a channel filter unit used 

30 to fiha- cfaannds assigned to the particular seaor, connecting the remote unit 
to a sectorized base staticm unit, w4iadn the step of connecting comprises 
providing a unique sector fiiequoicy assodated widi each antraina unit sector. 
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connecting the sectoriaed base station unit to a mobile telecommunications 
switching oflHce; aerating, at the sectori2Bd base station unit, a digitized 
nqsresentation of a telqjhone signal received from the mobile telephone 
switching office; transmitting the digitized representation to the microoell 
5 antenna unit for a particular sector, receiving, at the to inicrocell antenna 
unit, a first RF signal* digitizing the first RF signal and converting the 
digitized first RF signal to a to sector fiequency; reoeiV^ at the second 
miaocell antenna unit, a second RF signal, digitizmg the second RF signal 
and ponverting the digitized second RF signal to a second sector frequency; 
10 and multiplexing the digitized to RF signal at the to sector frequency and 
the digitized second RF signal at the second sector frequency and transmitting 
the multiplexed signal to the sectori2ed base station 

Brief Description nf <hP n^WirCf 
A n^ore complete understanding of the invention and its various 
features, objects and advantages may be obtained from a consideration of the 
foUowing detailed desaiptidn, the ^^lended claims, and the attached drawings 

in wWch: 

HGURE I A is a ftmctiohal block diagram of a to prior art 
20 mobile communicaticMis system; 

HGURE IB is a ftmctidnal block diagram of a prior irt b^e 

station;-: 

FIGURE IG is a fimctianal block diagram of a prior art 
miax)ceU mobile comiminicatidhs systei^ 
25 I^GURE 2 is a simplified block diagram of an exemplary 

embodiment ctf the microcdl cffl^^ system of the present invention; 

HGURE 3 is a more detailed block diagram of the base station 
embodiment shown in FIGURE 2; 

HGURE 4 is a more detailed block diagram of the base station 
30 shown in FIGURE 3; 

HGURE 5 is a more detailed block diagram of the frame 
generator/multiplexa 134 shown in HGURE 4; 
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HGURE 6 is a smplified diagram of the stmcture of one 
exranplary dMa fiame; 

FIGURE 7 is a diagram of the structure of another exemplary 

data fiame; 

5 HGURE 8 is a functional block diagram of a micnx^Il anta^ 

unit according to tiie exemplaiy qnbqdiment sho^wn in^ H 

FIGURE 9 is a fun^ 
142 and associated intetfices of HGfURE 4; 

FIGURE 10 is a fimctional block diagram of an alkligital 
10 exemplary erabodinert of the invadon; 

KGUI^ l lA is a niore detailed bl(*k diagcani of the sy^^ 
illustrated in FIGURE 10; 

FIGURE IIB is an alternative embodiment of the syston 
illustrated in Figure 1 lA; 
15 FIGURE lie is yet: anothffiiltmiateemlxjdiment of the system 

illustrated in Figure 1 1 A; 

FIGURE UD is still anotho: alternative embodiment of the 
system illustrated in FIGURE 1 lA; 

FIGURE 12 is a simplified illustration of an alternate 
20 embodimoit of the microoeli communication system according to the present 
invention; 

FIGURE 13 is a fimctional block design of the alternate 
embodiment 106' of the system of FIGURE 12; 

FIGURE 14 is anofha* alternate exemplary embodiment of ^ 
25 iniCTocell communicadonsys^ of the present inventioi; 

FIGURE 15 illustrates yet another altanate exenplary 
enibodiment of the invention vvherdnaltonate service^ as posonal 
conimunication network (PCN) traffic and paging traffic is multiplexed with 
cellular system traffic; 
30 FIGURE 16 is a sinplified illustration of a piicH- ait cable 

televisioi system infrastructure 
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FIGURE 17 is a sinplified block diagram of an alternate 
exemplary embodimeflt of the invention, vvtiorein cable sj^tem infrastructure 
is used to transmit digitized RF to and fiom a microcell location; 

FIGURE 18 is a block diagram of a tese station unit of tiie 
5 exemplaiy embodiment of FIGURE 17; 

FIGURE 19 illustrates the head end unit kxated at the head end 
of tiie cable system of the pcenplary embodiment of HGURE 17;^^^ 

HGURE 20 is a more detailed block diapairi of the AM 
modulator/demodulator, located in the head end of the 
10 cxenplary embodiment of FIGURE 17; 

FIGURE 21A is a mwe detailed block diagram of analog- to- 
digital converter 132, as used throu^out the various embodiments in the 
invoition; 

FIGURE 21B is a more detailed block diagram of digital-to^ 
15 analog converter 144 as used ftrouj^uMit the varioi^ 
invoition; 

FIGURE 22 is an alternate prefored fiaming structure for the 
embodiment of FIGURE 2 of the present iiivaitiai; 

FIGURE 23 is yet anottiCT dtemate prefenied fiaming stri^^ 
20 for the embodiment of FIGURE 2 of the present inventioi^ 

FIGURE 24 is a more detailed block diagram of the microcell 
remote unit to be positioned at the optical node in the cable system 
embodiment of FIGURE 17; 

FIGURE 25 is an illustration of the £UiQ)litude iiiodulmor as 
25 used in the embodiment of FIGURE 17; 

FIGURE 26 is a more detailed illustration of the amplitude 
demodulator, as used in the embodiment of FIGURE 17; 

FIGURE 27A is an illustration of a base station of aii alternate 
exemplary embodiment of the system illustrated in FIGURE 17, wherein the 
30 RF microcell or PCN signal is digitally modulated; 
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FIGURE 27B is an illustration of an alternate embodiment of 
the system illustrated in FIGURE 17, \»4ierein the RF microcell or PGN signal 
is digitally modulated; 

FIGURE 28 is a iurtfacF illustradoh of the alternate 
5 oiibodiineitt using digital inodulaticm; 

HGURE 29 fiiilher illustiates the am^^ 
node in the digital modulatian embodiinent; 

HGURES^ 

embodimert whaejn digitized microcell or PGN RF traffic is framed and 
10 transmitted over a switched telq>h(Hie network; 

FIGURE 31A is a more detailed blodc diagram of the base 
station units of the embodimrait of FIGURE 30; 

FIGURE 3 IB is an alternate exemplary embodimait of the base 
station units of the embodimoit of FIGURE 30; 
15 FIGURE 32A is a more detailed block diagram of the analog- 

to-digjtal converter and framing circuits of the base station units illustrated in 
FIGURE 31A; 

FIGURE 32B is a more detailed blodfc diagram of the analog- 
to-digital converter and framing circuits of an alternate exHirplaiy 
20 embodiment ofthe base station units illustrated in FIGURE 3 IB; 

FIGURE 33A is a more detailed blodc diagram ofthe ranote 
antenna units of the system illustrated in FIGURE 30; 

FIGURE 33B is a more detailed bloclc diagram of an alternate 
eMEm5)lary onbodiment of Ae.i^^ units of this q^stem illustrated in 

25 nGURE30; 

FIGURE 34 illustrates yet another exemplary embodiment of 
Ae invention v»*ierein digitized RF signals are transmitted over a switched 
telephone network and a cable systen^ and 

FIGURE 35A is an ovaview fimctional block diagram of an 
3 0 exemplary embodiment of a miovicell communications^rstan, having passive 
handoff capability according to the present invention; 
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FIGURE 35B is a more detailed block diagram of an exemplary 
base station unit 1 14' of the system of 35A according to the present 

invention; 

FIGURE 35C is a schonatic illustration of the movanoit of a 
5 mobile unit from one zone to another, 

HGURE 36 shows an exaiplaiy embodiment of 
transmitting/iweiving unit 130' Vof the system of FIGURE 35A; 

FIGURE 37 illustrates an exenplary ianbodirnait of 
810 of the system of FIGURE 35A; 
10 HGURE 38 is a simplified block diagram ofthe operation of 

controller 810 of the system of FIGURE 35i^ 

FIGURES 39A. 39B, 39C and 39D are still other alternate 
exemplary embodiments of passive handofiF systems with all-digital base 
station units; 

15 HGUHE 40 is an alternate embodunent of tfie system 

HGURE35B; 

FIGURES 41 A, 41B and 41G are exeniplary embodiments of 
redundant microcell covera^; 

FIGURE 42 is a simplified block diagram of an exemplary 

20 aiibo(^^ 

the present invoitioii; 

FIGURE 43 is a more detailed block diagram of the base 
station enibodiment shown in FIGURE 42; 

FIGURE 44 is a more detailed blodc diagram of &e remote 
25 unit embodiment shown in FIGURE 42; 

FIGURE 45 is a more detailed block diagram of one example 
of a channel filter unit which can be used in the remote unit shown in 
nGURE44; 

FIGURE 46 is an alternate embodiment of the base station 
3 0 onbodiinert shown in FIG^ 

HGURE 47 is an altanate embodimoit of the remote unit 
erribodiment shown in FIGURE 42. 
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Petailgd description of tiig P»?fen?4 FJwb ocBingn ts 
In the following detailed description of exemplary embodiments 
of the invention, reference is made to the accompanying drawings vAndi form 
a part hereof, in wliich like numerals refa- to like elements tfirou^out the 
5 several views, and vAudfi is shown by way of illustration only, specific 
embodiinems in whi(^ the hventio^ be practiced It is to be understood 
that other mibodimaits may be utilized and strucHjral dianges ni£^ be n:^ 
vvithout dqiaiiing from flie scope of the present invdntioii. 

The general corifiguratim of oiie esranplaiy enibodiment of the 

10 present invention is shown^ i^^^ The miaocell system includes a 

plurality of microcell areas 100; D^lbyed vviAiri each mierocell area 100 is 
a miopeell remote antenna unit 102. Such units may be deployed on the roof 
of a building or within a building or on or in other stnictures. For example, 
a miCTocell antenna unit 102 may be dqjloyed on each floor of a building on 

15 or adjacent an antoma tower, or almg a hi^way corridor. 

Remote antenna units 102 are connected through fiber 104 (or 
optionally another hi^ bandwidth earner) to respective base station units 106. 
Base station units 106 are interfeced to MTSO 110 ovw Tl lines 112. MHSO 
1 10 is interfaced with a switched telephone network 120^ las in a coiventional 

20 cellular phone system. Microcell base station units 106 are preferably located 
in a single location 114. Such locaticm may be inside a* outside of the area 
serviced by the niicroodl^rstem,^ b^^^^^ evait is piefeRdjly conveniently 
located for maintenance purposes. 

Referring now to FIGURE 3 there is shown a simplified 

25 diagram of a microoell base station 106 acoxding to one exoi^lary 

embodiment of the present invention. Base station 106 includes conventional 
transmitters and reoeivos 23 and 28, respectively, and conventional radio 
controller or interface circuitry 22 to the MTSO 110. A digital 
transmitter/receiver unit 130 receives the combined RF signal fix)m 

30 transmitters 23, digitizes the combined signal and transmits it in digital format 
over fiba: 104A connected to a ronote antenna unit 102. Unit 130 also 
recdves a digitized RF signal over fibo* 104B &om a remc^ antenna unit 
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102, reconstructs the corresponding analog RF signal, and applies it to 
receivers 28. Accordingly, conventional equipment may be used on the 
downstream (MTSO) side of digital transmitting/receiving unit 130. 

Referring now to FIGURE 4, there is shown digital 
5 transmitting/receiving unit 130 in greater detail. Unit 130 includes a 
broadband digitizer 132 recdving the combined RF signal fitmi transinito 
23. Digitizer 132 provides a di^tized nriaocell trafiSc stream, caftsisting of a 
saies of san^les of the ineoming analog RF signalr F 
generator/multiplexer 134 fiaiiies the digitized microoell traffic data, together 

10 v»*h CQtitroli voiee and enOT 

modulated laser 136. The voice data channel, also termed the order wire 
channel, originates fiom order wire interfece 135, which has an input for a 
handset 137 or a two-wire phone line. Order wire intaface 135 provides for 
two-way point-to-point voice grade communications. Typically a handset is 

15 used at the remote site to connect with a handset at the base site. Control 
signals originate from control/alarm circuit 131, which generates control 
information for the ranote antenna unit 102 to nromtor enor and alami 
information. 

The laser signal from digitally modulated laser 136 is applied 
20 to fiber 104A for transmission to the con^sptMlding itrnbte antenna unit 102. 
According to one possible embodiment, digitizer 132 preferably provides a 24 
bit wide word OaraUel strucstine sanple) M 

MegaSamples/second (MSamples/s). The frame generator/ multiplexer 134 
converts the 30;?2 MSan^)les/s word to a single serial bit stram hmhing at 

25 819.2 MegaBits/second (Mh^s). 

The digitizer 132 conditions the broadband RF signal by 
providing bandpass filtering sufBcient to eliminate out of band signals, and 
sufficient gain adjustment to prevoit ova-loading of the analog-to-digital 
converter. The analog-to-digital converter converts the conditioned broadband 

30 RF signal into a parallel bit stream, either by direct sampling at RF, or by 
sampling following down-convasiai to baseband or to an intomediate 
frequency band; In the preferred embodiment, the digitizer is obtaiiied from 
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Stdnhrecher Ctoiporadon of Wobum, MassacAu^^ with sampling performed 
on a 12.5 MHz wide signal down-caiverted to either the fust or second 
Nyquist zone, with 12 bit sampling occuning at a rate of 30.72 MSamples/s. 
Unit 130 further includes a digital optical receiver 140. 
5 Receiver 140 outputs an electronic digital signal, wWch is ^lied to 

demultiplexer 142, which extracts the digitized micracell traffic data goioated 
at the remote antenna unit 102, as will be ejqjlained fiirthCT below. Demulti- 
plexer 142 further extracts alarm (monitoring) and vdce information fiamed 
with the microcell ti^c data. The dgitizBd mi(m»l[ tr^ 

10 aijpKed to digitalrtoflnalog converter 144,^ 
signal, to be qiplied to receive 28. 

The digital-to-analog converter 144 operates on the nMOoeell 
traffic parallel bit stream extracted by demultiplex^- 142, reconstructing a 
basdiand rqilica of the broadband RF signal digitized by digitizer 132. The 

15 baseband replica is then upKMnverted to its original radio frequency by 
mixing with a local oscillator and filtmng to remove image frequencies. In 
the preferred embodiment, the di^tal-to-analog converter is obtained fi-om 
Steinbrecher Corporation of Wobum, Massachusetts, and opwates at lhe 
prefened sample rate of 30.72 MSamples/s. 

2 0 Refening now to FIGURE 21 A, there is illustrated in more 

detail the broadband digitizer or analog-to-digjtal converter circuit 132 in 
FIGURE 4 and 170 m FIGURE 8. Anaiog^to-digital converter circuit 132 
preferably includes a local oscillator 132A, which applies its output to mixa 
132B, whidi receiyes the combined output fiom the transmittos 23 . Mxer 

25 132B reduces the high fiequency microcell signal (approximately 850 MHz in 
the case of conventional cellular phone swvice or ^poximately 1.8 GHz in 
the case of PCN traflBcX to an intermediate (or baseband) fiequency of 
approximately 1 to 15 MHz (such that the 12.5 MHz fiequency fits between 
these limits) prior to spplication to analog-to-digjltal cwiverter 132G. 

30 Illustrated in FIGURE 21B is the digital-to-analog converter 

144 and 164, of FIGURES 4 and 8, respectively, which performs the leveree 
operatiMi of analog-to-digital converteis 132 and 170. EMgital-to-analog 
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converter 144 includes a digital-to-analog converter 144A, which outputs an 
intermediate frequency signal, which is up-converted with mixer 144B, using 
the local oscillator 144C. Up-conversion restores the operating frequency of 
the RF to the broadcast frequencies of the cellular or PCN systems. 

Referring now to HGURE 5, there is shown in greater detaU 
the frame generator/multiplexer circuit 134 accardirig to the exenplaiy 
en*odiment of the im'cnticjn shown in HGURE 4: Gii^ 
cyclic redundancy check (CRC) generator 155, which receives inicn)cell 
traflBc data from digitizer 132 and outputs a CRC code. 

Acconiing to one exemplary embodimetit, ftamer/ multiple^^^ 
154 multiplexes the CRC channel, microcell traflSc, order wire (voice) channel 
and catmol (alarm) charmel into the fiame^s^^ FIGURE 6. 

Each frame includes a 124)it microcell ttafiTic word, a one bit CRC chaiiriel, a 
one bit cGHtrol-alann/Qtder wire channel and a six bit filming word. The 
control-alarm and order wire data are multiplexed together in a single channel. 

FIGURE 7 shows an alternate frame structure having 12 bits 
for the main antenna channel, 12 bits for 12.5 MHz coverage of altemate 
service or diversity channel, a one or two bit CRC channel, 1 bit control- 
alarm channel and 6 bit frame word Other possible fiaming stnjctures could 
involve a total of 48 informadon bits fiir fiiU band coverage and diversity 
capability, or for canying additional services. It shall be understood that the 
present invention is not limited to these or aiiy other particular fiaming 
format, but rather that any format could be used vwlhoiit dspatting fixith the 
scope of the present invention. 

To adiieve synchronization with the parallel transfer word, the 
frame signal shown in HGURES 6 and 7 runs at 819.2 Mh/s (i.e. 32 x 25.6 x 
10* bits/second = 819.2 x 10^ bit/second). (The bit rate and sampling rate for 
40 MIfe/48 bit or other frame structure would diange accordingly.) 
Synchronization is achieved at the receiving demultiplexer 142 (162 in 
HGURE 8 described below) by searching for the frame pattern. Ihirty-two 
individual frames are grouped into a superftame. One of the 32 fiames has a 
bit sequence different from the other 31 fiames. Eadi fiame byt6 is si 



wo 94/28690 



PCTrtJS94/05897 



20 



balanced code having an equal number of ones and zeros. The fi:anie search 
is initiated by the demultiplexer 142 to find consecutive patterns, followed by 
a seardi for the unique bit sequence in one of the 32 fiames. When the fiame 
and superfiame are found by the demultiplexer 142 (or 162), valid trafiSc 
5 pattern or data patterns result. Framing methods of this type are well known 
in the telecommunications arts, and those of skill in the art will recognize that 
various altonate framing methodologies also be used. Preferablyj frame 
gai^:atar/multiplexer 134 includes drcuitiy for scrambling the butting data 
to provide for the balanced line code preferred for fibo- q^tic transmission. 

10 Referring now to FIGURES 22 and 23, there are shown tiie 

alternate prefored framing structures of the onbodiment of FIGURE 2: As 
shovvn in HGIJRE 22, the framing slnictute i^ of PGN/miarocell 

traffic, one framing bit, one l»t of CRC and an alarm-control/tM-der wire 
channel, and four reserve bits. The framing structure in FIGURE 23 is 

15 idaitical, except for 13 bits have been allocated to the PCN/microcell traffic. 
Neither of these framing structures is designed to accommodate diversity 
traffic, however, they could be so ejqjanded. The framing structures of 
FIGURES 22 and 23 assumes a 12 bit sampling at 30.72 Mh/s. The basic 
framing structure is 18 bits, vviach, \vhm run at 30.72 Mb/s, results in a rate 

20 of 552.96 Mb/s serial rate. As shown in FIGURE 22, one bit is dedicated to 
framing. Another bit is multiplexed between CRC, alarawxratiol, and the 
order wire frmction. Hiese two bits adiieve framing and multiplexing fay 
virtue of the following sequence: 



Franrring Bit 



CRC Etc. 



25 



30 



00 
01 
10 
10 
IC 
ID 



Frame 1 
Frame 2 
Frame 3 
Frame 4 
Frame 5 
Frame 6 



35 



As illustrated above, the framing structure of this embodiment 
contemplates that six fiames make up a "super frame." The first four fiiames 
of each super fraine include the 00, 01, 10, 10 sequence. In the fiflh frame, 
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the framing bit is a 1, and the otho- bit represaits one bit of CRC code. In 
the sixth frame, the framing bit is a 1 and the otiier bit is an alarni- 
control/order wire channel bit. 

Preferably, the CRC code is 32 bits wide, so that 32 frames 
5 must be received in order to accumulate the entire CRC code. Acboidingly, 
emors are checked eveiy 32 words of data. As in the case of the previously 
desaibed framing sQiuaure, a balanced line code is 

Refemng now to HGURE 8, there is shown^^^ 
the remote antenna unit 102, according to the first exemplary embodimer* of 

10 the present invention. A digital optical receiver 160 receives the optical 
digital data stream transmitted from the microcell base station on fiber 104A. 
Receiver 160 convols the optical data stream to a con^ponding series of 
electrical pulses, which are applied to demultiplexer 162. Demultiplexer 162 
extnicts the microcell traffic and ^lies the 12-bit (or 13-bit) samples to 

15 digital-to-analog converter 164. Converter 164 reconstmcts the analog RF 
signal and applies it to linear power amplifier 24. Converter 164 is preferably 
the same as digital-to-analog converter 144 described and shown above with 
respect to FIGURE 4. Anplifier 24 is connected to the main antenna 26 
throu^ a duplexer 25. Accordingly, radio frequency signals originatirig fi«m 

20 transmitters 23 in the microcell base station arc transmitted from main antenna 
26. Demultiplexer 162 also extracts control signals for ^plication to a 
Gcmrol/alarm circuit 161. Order wire data is also etocted and ^lied to 
oidCT wire interfeoe 163 to provide two-way, pdint-tthpbint voice grade 
cammunicatiaL 

25 RF signals received at mam antenna 26 are passed through 

duplexer 25 to filter 27. Power amplifier 24, duplexer 25, main antenna 26 
and filter 27 are conventional base station components, as are described with 
reference to HGURE I B. The output of filter 27 is combined and applied to 
a broadband analog-to-digital converter 170 (of the same type as 144 

3 0 described above with respea to HGURE 4), which digitizes the analog RF 
signal and applies it to a frame generator/multiplexer circuit 172. The ou^ 
of circuit 172 is qjplied to digitally modulated laser 174, which ^lies the 
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cxMTesponding optical digital stream to fiber 104B. Fra^ 
genarator/multiplexer 172 is of substantially the same design as 
ftamer/multiplexer 34. It receives an alarm (or moratoring) signal data stream 
from control/alarm circuit 161, and an arda wire data stream signal from 
5 order wire interface 163. 

Optionally, remote antenna unit 102 may include a diversity 
antoma system 180. System 180 includes a diversity antenna 26', vsiiich 
^lies its output to filto- 27' and in turn to broadband analog-to-digital 
converter 170', v»4iich opaate in the same manner as main antenna 26, filter 
10 27 and broadband analog-to-digital converter 170, respectively. The output of 
analog digital coiwerta 170' is applied to circuit 172, which multiplexes the 
digitized RF signal from the diversity antenna into the data stream ^qjplied to 
fiber 104B. In such a cas^ the framing scheme includes diversity traffic 
capacity. 

15 Refexing now to FIGURE 9, there is shown in greater detail 

demultiplexer circuit 142 (and correspondingly 162) shown in FIGURE 4 and 
HGURE 8. Circuit 142 (162) includes a demultiplexer 190, which receives 
the digital data stream from digital optical receiver 140. Demultiplexer 190 
extracts the control/alarm diannel, order wire diannel, CRC channel and 

20 microcell traffic diannel from the digital data stream. Optionally, viliere the 
diversity function is provided, the diversity CRC: channel and diveisity 
microcell channel are also exiracted. The main CRC channel and microcell 
traffic channel are applied to CRC checking circuit 192, whidi provides ^^a^^ 
eiTor signal to the control/alarm circuit 131. CSrcuil 131 monitors the error 

25 rate of data and alarms occuning at the remote arilenna unit 102. Hie order 
wire channel is applied to order wire interfeoe 163, to provide two-way point- 
to-point communication. 

Where diversity is optionally include4 a second CRC checking 
circuit 192' receives the diversity CRC channel and divasity miaocell 
30 channel and produces an enor signal which is ^lied to control/alarm circuit 
131. 
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Ali-Dipifal Fn.hnffip.ftTf 

Referring now to FIGURE 10, there is shown an alternate 
exemplaiy embodiment 200 of the present invention. Alternate embodiment 
200 includes a remote antenna unit 102 as described with rcq)ect to FIGURE 
5 8. Remote antenna unit 102 is connected to an all-di^ mioocell base 
station 210 through fibers 104A and 104a Nficrocell base station 210 is 
connected to an MTSO. 

All-digital microceU base station 210 is shown in more detail in 
HGURE 1 lA. Circuit 210 includes a Tl interfece 202, which extracts 
10 digitized voice channels canied by all line or other carrier fiom an MTSO 
and applies those channels in digital fonm t^ Digital 
synthesizer 212 replaces transmitteis 23 and the analog-to-digital converter 
132 of the embodiment shown in FIGURE 4. Digital synthesizer 212 
constructs, with digital logic or software, an equivalent to the digitized output 
15 of broadband digitizer 132 for application to frame generator/multiplexer 214. 
Synthesis may be acconqjlished, for instance, by electronic or soflwar^ 
simulation of the generation of the analog telephone signal and the modulation 
of the transmittal signal therewith. The simulated signal tiansmittcr ou^ 
signal can then be directiy represented in digital form that can be processed to 
20 emulate the ou^ut of the A/D converter. 

An alternate embodiment of the system of FIGURE llA is 
shown in HGURE 1 IB. In the system of HGURE IIB, the synthesizer 212' 
recedes an analog input fixrni radio oonliDller 22, and tdrwerts the 
ou^ signals (oornesponding to analog tdephbne signals) from the radio 
25 controller 22 into a corresponding digitized traffic stream. In this process, for 
exanopl^ synthesizer 212' can first digitize the individual analog input 
signals, and thei process them digitally to produce the digitized signal for 
delivery to units 106. On the return path, digital demodulator 224' produces 
a plurality of analog telephone signals conqjatible with the input to the radio 
3 0 controller 22. Multiplexer 214 operates in the same fashion as described with 
respect to fiame generator/multiplexer 134 described above with respect to 
FIGURES 4 and 5. The output of fiame generator multiplexer 214 is appMed 
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to digitally moduiated laser 216, vMch outputs the optical data stream on 
fiber i04A. Digital optical receiver 220 receives the optical data stream from 
fiber 104B and applies it to demultiplexer 222, which operates in the same 
fashion as demultiplexer 142 of FIGURE 4. The output of demultiplexer 222 
5 is ^plied to digital demodulator or receiver circuit 224, vMch extracts the 
microcell channels and ^lies them to Tl interfece 202 for transmission to 
theMTSO. 

another a^ 

is shown in HGURE I IC. In mGURE I IQ the fiaine^^g^^ 

10 211 ' is modified to apply its output directly to the switched telephone 
networiCi in a fixmat compatible with network protocols, for example DS 1 , 
DS3 or SONET. The switched network is then used to connect the base 
station with each antenna unit 106. According to this embodiment, the 
modified synthesiza- 212" generates a sqjarate digitized output (for example 

15 as shown below with respect to FICiURE 32B) for eadi channel being iiSed 
(as qpposed to all channels in the cellular band), such that only the digitized 
form of the channels used for each antojna unit 106 are actually transported 
thereto, tiius greatly reducing die bandwidth required fiir this purpose. 
Similarly, demultiplexer 222' is configured to receive flie individually 

20 packaged digitized channels fiiom the switched netwrak, and demodulator 
224* is modified to receive and extract the Individual diannids. The 
embodiment of FIGURE I IB can also be modified in this manner, as is 
illustrated in FIGURE 1 ID. 

Thus, all-digital base station 210 synthesizes the efifect of 

25 digitizing the transmitter data: streanii providing for an all-digital ctMivaSidri 
fixjm circuit 202 to the data stream applied to fiber 104A Hie synthesized 
signal is received at the remote antenna unit 102, which constructs the radio 
frequency signal, using digital-to-analog converter 164, thus eliminating the 
need for transmitters 23. Similarly, digital demodulator or receiver circuit 224 

3 0 eliminates the need for receivers 28, by converting the demultiplexed digitized 
RF data stream directly into digital phone channels for application to circuit 
202 and transport to the MTSa 
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Yet another exemplarv' alternative embcxiiment of the invention 
is shown in FIGURE 12. The alternate embodiment shown in FIGUI^ 12 
includes a base station 106', having an antenna 250 for broadcasting and 
receiving RF signals into a cellular area. In addition, 106' includes one or 
5 more ronote antoma units 102 used to readi shadowed areas. This 
embodiment is not for the purpose of extending capasaHy, but rather to 
inqjrove coverage. 

Refening to HGURE 13, base station ehi^^ 
shown in more detail. Hie coiifiguratioii of FIGtJRE 13 is the same as 

10 FIGURE 3, except the RF sigials are connected simultaneously to a main cell 
site antenna through a duplexer and povrer a^ 

Referring now to FIGURE 14, there is illustrated an alternate 
preferred embodiment of base station units 106 and antenna unit 102. 
According to this alternate prefenped embodiment shown in FIGURE 14, there 

15 are provided wave division multiplexers 270 at the base station 106 and 
remote antenna unit 1 02. Wave division multiplexers 270 provide that a 
single optical fiber 271 can be used iii place of a pair of Optical fibers 104A 
and 104B, as shown widi respect to the ©cenplaiy embodiment of FIGURE 4. 
Preferably, the wavelengths of operaticHi for wave division multiplexes 270 

20 are 1310nm +/- 20nm, and 1550nm +/- 2Qnm. 

Yet another alternate exenplaty embocfiment of the invditioa is 
shown in HGURE 15. In HGURE 15, alternate service traffic (personal 
communication netwoik (PCN) traffic and/or paging traffic as shown in 
FIGURE 15,: for exan^le) are multipleced into tile digital canio- and 

25 oonv^ed to the remote antenna mit 102 for transmission as part of a 

hroadband sigiial reconstructed by the d TTie remote 

antenna unit is modified to include separate analog-to-digital converter, 
digital-to-analog converter, filto", duplexar, linear power amplifier and antenna 
for the alternate service. The optical transceiver and fiber being shared with 

30 the raicrocell traffic. PCN transmissions are received at the remote antenna 
unit 102 and conveyed on the digital carrier back to the base station 106. The 
additional services are canied over the same fiber simply by adding more bits 
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per fiBitie. HiCTefore, the embodimait of FIGURE 15 can cany the trafiBc 
associated with several different altanate services and cellular traffic 
simultaneously, with minimal cost over straight cellular traffic. It is 
contOTplated that yet other services can be carried, and the invention is in no 
5 way limited to microcellular, paging, PCN or mobile data service traffic. 

ease of inplonoitatiQn of the present all^ligital 
embodiment, two-stage dq)lGymEnt is contenqjl^ In the first stage, 

10 inicrowll base station imits 106, (rfthe design d 

deployed. These units m^ be readily conslnicted with conventional 
transmitter and receiver technology in the base station unit, and conventional 
interface circuitry to the MTSO. In the second stage, units 106 may be 
replaced or upgraded to all digital microcell base station units 210, w^io^in 

15 the analog transmit and receive circuits are eliminated. TTiis upgrade may be 
accomplished without changing remote antenna units 102, and therefore may 
be done conveniently and expeditiously. This method of installation thus 
allows the initial units 106 to be constructed readily and at relatively low cost, 
and thus providing for rapid deployment, while allowing for lijigtiide to iriote 

20 reliable all-digital base station equipment without diange to the lohote 
antenna units 102. 

Thus, as described above, the present invention provides not 
only improved coverage, but also for increased capacity by assignment of 
reusable channel sets thrpu^wut the microceU system, without the need to 

25 dqdoy independent, conventional base stations in each miaocd Also, 
by virtue of digital transmissioni it provides good (tynamicrange over 
extoided distances as con:q)ared to analog systems. 

The exen^lary configuration illustrated with respect to base 
station 106 and remote antenna unit 102 provides control/alarm/monitoring 

30 and two-way point-to-point voice channels to be readily multiplexed on the 
digital (ama; prtmdi^ 

<^sclpsed l)y AT&T. Furthermore, a diversity diannel can also be multiplexed 
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into the data stream to provide the divrasity lunction without the need for 
additional fiber paths. 

The InventiQn also permits ready ad^jtation to carry alternate 
services such as PCN, mobile data and paging services together with 
5 microcellular trafiBc. 

Anotha- advantage of tihe invoition is its ready adj?)tati<Mi to all 
digital base station technology, wtoein miax)ceU traffic data received fiom an 
MTSO in digital form can be digitally converted to a synthesized sUtam of 
data: saniples for^ plication to the digital-to-analog ccaiverter in the remote 
10 antenna unit 102. 

It shall be understood that other control or monitoring type 
channels between the base station and antenna units are also possible, and that 
tfie invention is not limited to the particular channels illustrated in flie 
exen^lary embodiments. 

15 

Transmission of Mctncell and PQV Ttaffic Over nable Svstem Tih<>r F^ff f 

A conventional cable system is illustrated iii FIGURE 16. 
System 300 includes one or more satellite dishes 304 receiving satellite 
television signals from satellite 302. In addition, the head W nay reed 
20 video feeds fix)m local sources or ovd- other^ 

cable or lirie of si^ microwave link. Vided taiit 308 pfbvides iiiteb signal 
splittings gnd provides a video signal to AM transriutteis 310; viWdi^^ an 
anqslitiMfcrnbdulalBd signal; typical^ 

for application to a fiber feeder. The fiber q)tic feedCT triianiis^^^^^^ 
25 signal to a optical node 312, whidi probesses th^ received signal for delivery 
to a plurality of homes 314, typically over copper coax cable, or in state of 
the art installations, over a fibo- link. In a typical suburban installation of tiie 
type most ad^table to the benefits of this exemplary embodiment, an optical 
node 312 preferably provides service to approximately 250 homes, covering a 
30 geogr^Aic area of ^praximately 1-2 square miles. 

An exemplary embodiment of the present invHiti(Hi, wherein 
tiie cable system 300 is utilized to transmit microcell or PCN traffic to 
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microcell areas will now be e>q>lained with reference to FIGURE 17. The 
system of FIGURE 1 7 provides the advantage of using the installed 
infiastmcture of a cable television system to transport microcell and PCN 
traffic. As shown in FIGURE 17, the head end of the cable system includes a 
5 head end microcell/PCN unit 332, video multiplexer 308, and a plain old 
telq)h(me service (POIS) and data source 336.^^ 

POTS and data service is included in this exemplary onbodiment, it is not 
necessary to the ddiveiy of cdlular/PCN service^ and may be omitted fiom 
tiie systemL Preferably, the POTS/data are carried on a plurdity o^^ 

10 within a certain band. A separate subcanier would be assigned to eadi 

subscriber in die system. Similarly, the video channels are also contained on 
a plurality of subcarriers in a specified band In addition, the microcell/PCN 
channels are also carried on separate subcarries in a defined band. Ihe head 
end unit 332 is interfaced with a base station unit 330, through a pair of jSbers 

15 331 A and 331B. Base station unit 330 is interfeced to the switched telephone 
network 320 through a mobile telephone switching office (MTSO) 322; 

The head end fiirther includes a plurality of AM 
modulator/demodulators 338, whidi are coupled to mioooell optical nodes 
342 through fibers 340A and 340B. Optical nodes 342 each inchide an 

20 arrtetma for the transmission and reception of microcell or PGN traffic and are 
interfeced to a plurality of subscriber homes 343. POTS/data soince 336, 
nuiltiplexer 308 and head end 332 ate each connected to the respective AM 
modulatoi/demodulatOTS 338, as more fully ilhisttated in FIGURE 20; 
e?q)lained further below. 

25 Base station unit 330 is shown in more detail in FIGURE 18. 

Unit 330 fimctions identically to unit 106 as described above with refeimce to 
HGURE 3. The base station unit 330 m^ be positioned, as in t^^ 
embodiment of FIGURE 2, in a convenient location, remote from the head 
end. Alternatively, base station 330 could be located at the head end, with the 

3 0 elimination of the fiber link and otho' unnecessary components, such that the 
RF signal oulput of the transmitters may be filtered and applied direcdy to the 
AM modulator/demodulators 338 and in return the oulput of the AM 
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modulators/demodulators 338 filtered and applied dii«ily to the receivers 28. 
Digital transmitter/reccaver 130 of base station 330 is ccaifigured as illustrated 

in FIGURE 4. 

As shovw in HGURE 19^head end unit 332 is configured 
5 substantially the same as unit 102 fixxn the embodiment of HGURE 2. RF 
digitization and fiaming for communication between the head end unit 332 
and base station 330 is performed substantially the same as described above 
with regard to units 102 and 106. However, the output of digitaJ-to-analog 
conveter: 164 is ^Iied to filters 335, w«ch filter the RF signal into a 
10 plurality ofbands. each to be delivoied to a particular microcell associated 
with a optical node 342. In the exemplary illustrative embodiment illustrtted 
herein, the channels of the microcell or PCN system are divided into a 
plurality of 1 MHz bands, each containing a plurality of channels of microcell 
or PCN traffic (for example ten 100 KHz channels or approximately thirty 30 
15 KHz standard channels). Each of the AM modulatoi/demodulatore 338 
(sho^wl in detail in Figure 20) receives a 1 MHz band of channels and 
conveys it to the microcell optical node 342 over the fibers 340A and 340B 
by AM modulation. In the reverse path, 1 MHz bands are received back fiom 
the microcell optical nodes 342 (over fiber 340B), demodulated in an AM 
20 modulator/dembdulator 338, filtered by filters 337 and combi^ 

application to broadband analog-to-digital converter 170. on a retum path to 
the base station unit 330. 

Refening now to HGURE 20, there is illustrated in more detail 
a modulator/demodulatar 338. Each unit 338 includes an AM modulator 
25 338A,wWch receives a POTS/data input signal, a video input signal, and a 
PCN/microcell traffic input signal. AM modulator 338A combines the signal 
inputs and produces an AM modulated signal for application to AM optical 
transmitter 338B, which in turn applies its optical wavelaigth output to fiber 
348. On the retum path, AM demodulator 338C receives an input fiom AM 
30 optical receiver 338D, and provides an output of PCN/microcell and diversity 
traffic, together with a POTS/daia oulpiit signal. 
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Referring now to FIGURE 24, the microcell optical node unit 
342 is shown in more detail. Unit 342 includes an AM optical receiver 400, 
vMch receives the AM modulated signal fiora an AM modulatOT/deraoduIatQr 
338. The output of opticsi receiver 400 is qyplied to an AM donodidator 
5 402, v^iiich outputs a POTS/data signal and a video signal. Hie POTS/data is 
to be ddivoed to subscriber homes over the optical node to home data 
transmission medium The video signal is also supplied to subscriber homes 
ov« the transmission medium (usually coaxial cable, or possibly fiber). The 
PC3»J/microcell traflSc is sqjatately outputted fiom AM demodulator 402 and 

1 0 ^plied to an up-converta- conpising mixa: 404 and local oscillator 406^ 
it is restored to its operating frequency. Hie signal is amplified with 
amplifier 408 and applied through duplexer 410 for transmission into the 
miCTOcell area via a main antenna 412. According to the exenplary 
embodiment disclosed herein, the channels canied in the 1 MHz band, are 

15 transmitted from die antoma unit at the optical node. RF signals received at 
antenna 412 are fed throu^ duplexer 410 and are ^ied to filter 420. 
DivCTsity antenna 424 may optionally be provided with its ou^ i^ied 
throu^ filter 426 to a mbcer 428. A local oscillator provides an iiqmt to 
mixer 422 and mixer 428, effecting a downKMnversion of the received PGN 

20 or microcell traffic before {plication to AM nx)duIator 432j^ 

return POTS/data traffic. AM modulator 432 corrirines die main charaielj 
diversity channel and POTS/data signals and modulates them onto fiber 340B 
throu^ AM optical transmitter 434. 

Ibe AM nwdulators (338A, 432) and demoddators (338G, 402) 

25 are illustrated in more detail in FIGURES 25 and 26. Referringnow to 
FIGURE 25, there are shown in more detail AM modulatOT 338A. The 
POTS/data, video channel and microcell/PCN channel signal sources are 
applied to respective nuxers 350, 352 and 354, viiere they are frequency 
shifted to a desired frequency far combinatian at combining circuit 356. Hie 

3 0 combined signals ^plied to a convoitional modulatcx- AM modulator 358. 

As shown in FIGURE 26^ on the return path, the AM signal is 
app^ed to a conventional AM donodulator 360, the output of vyiiicfa is filtered 
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by filters 362 and 364 for application to respective mixers 366 and 368, where 
the bands are restored to their desired carrier frequency. 

Thus, as described above, the aKemate embodiment illustrated 
generally in FIGURE 17 provides that microcell or PCN traflSc may be 
5 canied over the installed fiber distribution system of an existing cable TV 
system. In addition, the system illusfrates the provision of POTS/daJa service 
utilizing the same system. However, the additional provision of POTS/dala 
service is in no way essential for the invention. 

10 Alternate Digital Mhdiiiarinn/nemtidiJafinn 

In the above-described system, the digitized RF signal is 
converted to an analog form prior to being transported to the remote optical 
node unit 342. According to the alternate exemplary embodiment now to be 
described, the digitized fomi of the RF signal may be maintained through to 
the remote optical node units 342 by use of digital modulation such as QAM 
modulation. In the alternate exemplary embodiment of FIGURE 27A, groups 
453 of transmitters apply a combined ou^ to the input of concsponding 
analog-to-digital converters 456 (including dowiHxaiversion to an 
intermediate or baseband fiiequency), and the fiamer/multiplexer 458 fianies 
the digitized transmitter groiq) signals so that these grxn^B m£y be extrai^ 
fixm the ftamingstnictute at the other end of the link. Similarly, a 
demultiplexer 459 demultiplexes a received signal and applies a ootttspoiiding 
digitized signal to each of anaiog-to-digital convoters 457 (including up- 
conversion) for plication to respective receiver grotips 455. Diversity 
ou^ is also optionaUy provided. Ihe transmitter groups may, for example, 
contain up to ten transmitters, so that the combined digitized bandwidth is 
qjprojdmately 1 MHz, consisting of approximately 300 KHz of spectrum 
*g»ti2fid at a 2+X rate, plus fiaming and control bits. The alternate digital 
modulation embodiment of the head end unit 332' is illustrated in FIGURE 
27B. Althou^ ihis embodiment shaU be desCTibed with respect to QAM 
modulation, it shall be understood fliat other forms of digital modulation are 
also within the scope of the present invention. Accowling to tiiis onbodiment, 
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the digitized RF received at the head aid unit 332' is demultiplexed in 
demultiplexer 450, output group by group, and ^lied in digital form to a 
plurality of QAM modulators/demodulators 338', as illustrated in FIGURE 
28. The return traffic from a QAM demodulatOT 464 is applied to a 
5 framei/multiplexeruriit452;\\iiiehintum 
fiber 331B through digitally modulated laser 174. 

As illustrated in nGlIRE 28y^^Q^ 
digital POTS/data iqjut signal, a dighal video sigtial and^^ digital 
PCN/microcell traffic signal. QAM modulator 460 multiplexes the input 
10 signals and produces a QAM modulated output signal for application to AM 
optical; transmitter 462, which is in turn applied to fiber 340A. On a return 
path, AM optical receiver 466 receives a QAM modulated signal from optical 
fiber 340B and applies an input to QAM demodulator 464. Demodulator 464 
deraultiplwces the received signal and in turn produces a digital microcell/PCN 

15 signal and a digital POTS/data signal. 

Referring now to HGURE 29 there is shown the alternate 
QAM embodiment of microcell optical node 342'. Alternate optical node 
342' includes an AM optical receiver 50O receiving hs input fitmi fiber 
340A. QAM demodulator 502 receives an output fium AM optical i^Ver 

2 0 500 and demultiplexes and demodulates the signal lor application to digital-to- 
analog converter 504. Converter 504 outputs an intcmiediate or baseband 
frequency signal which is up-converted with mixer 506 and local oscillator 
508 to the trananission foquen^ The signal is applied to amplifier 510, 
filtered yath filter 512, passed throu and transmitted from the 

25 main anteima unit 516. Cta flie return path, the RF signal is received at the 
main antom^^u^^ diqjlexer 514, filtered at filter 518 and 

applied to a downK»nvertcr, conpising mixer 528 and local oscillator 530. 
A diversity antenna 520 is optionally provided together with filter 522 and a 
down-converter comprising a local oscillator 526 and mixer 524. The main 

30 antenna signal and diversity antenna signals are combined using combining 
circuit 532 and applied to analog-to-digital com/erter 534. The ou^ of 
analog-to-digital converter 534 is appKed to QAM modulator 536, \^ch 
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applies its output to AM optical transmitter 538, which in turn applies its 
ou^ut to fiber 340B for transmission to the head end. 

Thus, as described above, this alternate exemplary embodiment 
provides a system for maintaining the RF or PGN signal in digital format all 
5 the way to the optical node unit 342. It Hius can advantageously provide a 
higher qiiality signal than mi^ otherwise be obtained with AM modulation 
schemes. 

'nansmission of Digitized RF Over Swi tched Telephone Netwoik 

10 Yet another alternate exeti9)laiy embodiment of the present 

invaition is shown in FIGURE 30. In FIGURE 30, base stati<m units 600 are 
connBcted to the remote antenna units 602 throu^ a switdied telephone 
network 120, as illustrated in more detail in FIGURES 31Ai 32A, 33A and 
34. As illustrated in FIGURE 31A each base station unit 600 includes radio 

15 coitrollo- and Tl inta:&ce ciicuitiy 22 receiving a plurality of PCN or 
niiciocell diannels fixMn the MTSO. The output of each of a plurality of 
groups 610 of transmitters 23 are combined at combining circuit 612 for 
application to an analog-to-digital and di^tal-to-analog 
converter/frammg'demultiplexing circuits 614. Qcovps 620 of receivers 28 

20 receive an analog signal output from circuits 614. Eadi of circuits 614 also 
produces an analog diversity signal, which is j^iplied to a group ^ of 
diversity receivers 28'. 

Each of circuits 614 fiinctions to coivert the analog RF (after 
suitable down-convosion) to a distal signal v^iudi b framed and^iied to 

25 the switched telq^hone network. In addition, eadi of circuits 614 receives a 
signal from the switched network, vMdi it denndtiplexes and coriv^ 
a oon:esp(Hiding analog RF signal, for application to a respective reoeivo- 
group 620 or diversity receiver 622. 

In the exen^aiy embodiment iUustrated herein, it is 

30 contemplated 4at ^jproximately tai 30 KHz, PGN or AMPS cellular diannels 
(given cuffent 7 diahnel spacing requirranents) may be digitized into a 
respective 1.05 or 1.25 MHz bandwidth be framatted as a 44.736 

Mb/s DS-3 or OC-l signal for plication to the switdied telephone network 
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flirougji a Tl line or qjtical fiber link, with bits available for control and error 
detection. AMPS, or Advanced Mobile Phone Service, is the original and 
standard format for cellular service consisting of frequency modulated (FM) 
channels at 30 KHz spacing?. However, the system could cany 15 to 18 time 
5 division multiple access (TDMA) signals, or a combination of AMPS and 
TDMA signals could be earned. As is well known to those of sldll in lhe art, 
TDMA is an alternative modulation tedmicpje for cellular whidi replaces each 
AMPS channel with three time-multiplexed digital signals. Hence 5 to 6 
AMPS channels are 15 to 18 TDMA dannels. 
10 Refcning now to nGURE 32A, there is illustrated in more 

detail circuit 614. Circuit 614 is essentially identical to druiit 130, as 
Ulustiated with regard to HGURE 4, but includes a networic interface circuit 
630 and 632 in place of digitally modulated laser 136 and digital optical 
receiver 140, respeaively. Interfeoc circuits 630 and 632 provide the 
15 necessary Tl interface or interface to an optical path. 

The remote antenna units 602 are illustrated in more detail in 
FIGURE 33A Antenna units 602 are essentially identical in constmction to 
the remote antenna units 102 as illustrated with respect to HGURE 8. 
However, in place of the digital optical receiver 160 and digitally modulated 
20, laser 174, diere are provided network interfaces 640 and 642 for interfacing to 
the switdied networic 120. 

Hie same fiammg stnicture illustrated above with respect to 
FIGURES 6,7,22 and 23 are applicable to this exemplary enibodiment of the 
invention, except at lower speeds as necessary. In the case where the 
25 diversity function is provided, the return path would include additional DS-3 
or OC-1 signals, requiring additional Tl or SONET line capacity on the retum 
path. 

Referring now to HGURES 31B, 32B arid 33B, there is shown 
an alternate exemplary embodiment 600^ of the base station 600 illustrated in 
30 HGURE 30. Alternate embodiment 600' piwides that all the transmitters 23 
in the base station are applied to unit 614', which is illustrated in FIGURE 
32B. Similarly, unit 614' services all of the receivers 28 and 28' in the base 
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Station. Thus, the emix)diment of HGURE 3 IB differs fiom the en^ 
of FIGURE 31 A in that a single unit 614' is provided fw the base station, 
and the transmitters and receivets are ungcoiqjcd. 

Referring now to FIGURE 32B, there is illustrated analog-to 
5 digital and digital-to-analog converter/fiaming' demultiplexing unit 614'. 
Unit 614' receives the combined input fiom all the transriiittere 23 in the base 
station 600': A broadband digitizer 132 digitizes^ t^^^^^^ The 
output of broadband digitizer 132 is ^lied to the plurality of digital filters 
802: Digital filters 802 each prefeably include a decimatioii filter and a finite 

10 impulse response (FIR) filter. Decimation filter 802A receives the 30:72 
MSan^les/s (124bit vvide) data stream and prod^ a digitized data stream 
coniesppnding to the output of one of the traiishM^ 23 (Le. one of the 
channels) consisting of an approximately 80 KSamples/s data stream, with 12- 
bit samples. Hie 80 KSamples/s rate corresponds to a sanpling rate of 2.4x, 

15 of a 30 KHz signal (the channel width). However; aiiy rate bf at least 2x 
satisfying the Nyquist criterion can be used. 

Decimation filter 802 is preferably, for example, a decimating 
digital filter, Part Number HSP 43220, available fi«m Harris Semiconductor, 
Inc. of Melbourne Florida. Another vendor of such filteis may be ESL, a 

20 division of TRW, Inc. Refening back to FIGURE 32B, each digital filter 802 
is programmed to filter out of Ae broadband signal fiom digitizer 132 a 
channel corresponding to one of transmitters 23. Accordingly, a base station 
installation with twenty transHMttos wcndd requiit to digital filter^ 802, 
to extract the digitized data stream corresponding to eadi transmitter. 

25 Broadband digitizo- 132 digitizes the entire microcell IraflEic spectrum, which 
is, in the case of the original AMPS system, 12.5 MHz wide. In the case of 
twenty diannels, the bandwidth to be transported can thus be greatly reduced 
to 600 KHz, from 12.5 MHz. Thus, digital filters 802 greatiy reduce the 
amount of data to be transmitted ova- the switdied network. 

30 A frame generator/'raultiplexer of generally the same design as 

generator multiplexer 134', is provided to multiplex the data stream from 
each digital filter 802 onto one or more Tl, SONET or other carriers. For 
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instance, a single channel of 72 KSampies/s, with 12-bit sample, constitutes 
an 864 Kb/s serial data stream. Adding framing and control bits, as, for 
example, illustrate in FIGURES 22 or 23 (with, for emtspk, a 1-bit GRC 
channel, a 1-bit alarm-control/under wire channel and a fiame word of 6 bits) 
5 produces a serial data stream of approximately 1 .54 mh/s (20 bits x 72 KHz). 

Frame ^erator/multiplexer 134' can thus multiplex the output 
of one of digital faters 802 into a DSl format on a TI carrier witii a capacity 
of l.S5 mb/s, or can combine multiple outputs of digital filtera 802 on a 
44.736 Mh/s DS-3 or OC- l signal for application of the switched tdephone 
10 netwoik. 

A fiko- coitrol circuit 803 is also provided in unit 614', and 
has an input to eadi of digital filters 802. Filter control 803 allows digital 
filters 802 to be programmed, so that their filtering characteristics (and 
channel selection) may be selectively dianged, if desired. Filter control 803 

15 further includes an iiput from radio controller 22, which may provide control 
input, in order to specify the channels to be extracted from the data stream. 
A network interface circuit 630', interfaces frame generatOT/multiplexer 134' 
to the switched telephone network 

Referring now to FIGURE 33B, thae is shown alternate 

20 embodiment 602', vAdch operates in conjunction with alternate anbodiment 
614'. A network interface circuit 640^ receives one or more Tl, Se»^ or 
other carriers from the switched telephoie networki carrying digitized 
microcell traffic piwiuccd by frame generator/rauWplexer 134'. The digitized 
data stream(s) are applied to denrailtiplexa-162'v o 

25 as demultiplexer 162, :v«4iich extracts the digitized stream from eadi canier, 
channel by channel, and applies each individual extracted diannel to a 
separate one of <figitdrt(>:analog COTvaters 164'. T^^ 
164' are combined, and ^lied to power amplifia: 24, to be bix)adcast 
through antenna 26. Each of digjtal-to-analog converters 164' may be of the 

30 same design as digital-to-analog converter 164 of FIGURE 21B. However, 
unlike digital-to-analog convertas 164, digital-to-analog cooveiters 164' need 
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only handle a single channel, and thus may possibly be of less exacting 
design. 

Alternate embodiment of remote unit 602' fimher includes a 
plurality of digital filters 802, -which operate in the same manner as digital 
5 filters 802 of base station unit 614' to exiract seleded micrbc^ll digitized 
channels fixim the output of the hroadband digitized signal fit)m the output of 
broadband analog-to-digital converter 170. FranKr/midtpexer 172', of 
generally the same design as multiplexer 172, opaiaies in a manner similar to 
fiame generator/mdtiplexer 134' to multiplex^^ft^ ejaracted diahnels onto one 
10 or more Tl, SONET or other cairieis, applied to the switched telephone 
netvvork tiirough network interfece 642'. 

Refening again to HGURE 32B, demultiplexer 142', of 
generally the same design as demultiplexer 142, receives the multiplexed 
signals from remote unit 602' through network interface 632'. Unit 142' 
15 demultiplexes each of the channels and applies a single channel to each of 
digital-to-analog converters 144', which may be of similar design to digital- 
to-analog converters 164'. llie output of digital analog converteis 144' may 
be applied to receivers 28. 

As illustrated in FIGURE 33B, teinote^^i^ 
20 include a diversity path with digital fihets 805 provided to exiract die 

diversity cfaannek from the dgitized dversity signal. TIk extracted channels 
may be multiplexed through fiama liiultiplexef 172' dntb the svwtdied 
tdqjhone network; In base station unit 614', a divosity path is provided 
from deraultiplexo- 142', whereby extracted diveisity d^ may be 
25 applied to diversity Ksceivets 28'. TTius, as described above, the alternative 
embodiment iUustrated in HGURES 3 IB, 32B and 33B provides digital filters 
to extract selected microcen channels from the broadband digiti2Ed signal 
travelling to and from the remote units 602'. The extraction of selected 
channels provides that a mudi more limited bandwidth c^ity is required to 
3 0 carry the signals from transmitters 23 to the remote units and return the 
recdved chamiels fix>m tite remote units to die base station. 
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In yet another alternate emhwdiraent, the system of FIGURE 1 1 
is modified to transport tiie digitized signals over the switched telqjhaie 
netwoik, as for eacample illustrated haein above. 



5 Networit Interface to Cable System 

HGURE 34 illustrates yet another altanate (Exenplary 
embodimc«t of flie present invetition, viiierein the transmission of digitized RF 
over the svvitdied telejtae netvvoric is confined 

RF signal qvct the cable system. More specifically, as shoAwi in FIGURE 34, 

10 a netvvrak iiitpfe 702 is iTOvided at the head en^ 

PCN/microcell traffic off the switched telephone network. Hiat traffic is 
applied to QAM modulator 460 and AM optical transmitter 462 (see 
FIGURE 28). Similarly, networic interfece circuitiy 704 provides for 
application of digital PCN or nucrocell traffic to the switched network, as it is 

15 received fmm QAM demodulator 464. Ihus, signals originating from a base 
station 600 can be cairied through the switched network to the cable system 
and back again. 

Thus, as described above, this alternate exemplary embodiment 
of the invention provides that PCN or microcell traffic may be conveniently 

20 canied over a switched telephone network. This operation has obvicxis 

advantages, permitting rapid installation of additional capachyj ralhCT lhan the 
necessity of installing additional transmission lines. 

Thus, these altmiate exonplaiy atnbodimeiits pioW 
ability to transniit radio fitquency miCToceU or PCN traffic thixji^ a 

25 switched netwoik and tiirough a cable sysbsat installatioa 

Various modifications and altmiate configurations of ^ 
embodiments of HGURES 17 ftrou^ 34 are contemplatBd. An all digital 
configuration (similar to the embodiment of HGURE 10) of the embodiment 
of FIGURE 17 or HGURE 27A eliminates the transmitters, receivers and 

30 analog-to-digjtal and reverse conversion in the base station 330. An all distal 
configuration for the embodiment of FIGURE 30 eliminates these analog 
components fiom the base stations 600. Hie method of installing and 
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upgrading from the analog embodiments to the alJ digital embodiments can be 
carried out substantially as described above with regard to the embodiments of 
HGURES 2-15. Other modifications to the erabodimetits of FIGURES 17 
throu^ 35 include wave division raultipledng so that the fiber pairs may be 
5 rq)lace with a single fiber. 



Refening now to FIGURE 35A there is illustrated an 
exeraplaiy embodiment of a passive handofF mietocdl tdecomrriiinicatidhs 

10 system 800. The system shown in HGURESSA is of like construction to 
that of FIGURE 2 with the exception of base station units 114', which are 
constructed as shown in FIGURE 35B to provide passive handoff switching. 

For the purposes of describing system 800, microcell areas 100 
are referred to as "microcell zones," which zones are labeled for the purposes 

15 of one exemplary embodiment as A1-A6, B1-B6 and C1-C6. Each zone 

includes an independent antenna for transmitting to and receiving fit)m mobile 
units. Zones A1-A6 collectively comprise "Cell A" zones B1-B6 collectively 
comprise "cell B," and zones C1-C6 collectively comprise "cell C." Each cdl 
A B and C has a set of reusable fiequencies to be used within the cell, 

20 according to conventional cellular system design. Passive handoflf system 800 
provides that a transmission firequency or diannel assigned to a mobile unit in 
a given cell may be broadcast fixra the remote unit 182 in aiiy one of 
microcdl zones 100 under the comrol of a unit 1 14' without interaction with 
or control fiom MTSO 1 10. A channel can thus follow a mobile telephone 

25 unit from one microcell zone to another within a given cell. Accordingly, 
multiple microcell zones may be served by the same set of channels (i.e. 
transmission fiiequencies) allowing the signal transmission power level within 
each zone to be minimized, and thereby avoiding undesirable interference with 
adjoining microcell zones or cells. The system also reduces the switching 

30 load on MTSO 1 10. However, when a mobile unit travels fiom one cell to 
another, MTSO 110 switdies the unit to a new diannel (and conesponding 
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pair of transmit and receive fiequencies) in the newly entered cell, in a 
conventional manner. 

Referring now to FIGURE 35B, there is shown in more detail a 
base station unit 1 14' according to the present invention. Unit 114' includes 
a radio controller 22 providing an intaface between the Tl lines ftom the 
MTSO 1 10 and the base station radio equipmoit. TrmsmitteES 23-1 to 23-N 
(yihere N is a positive integer) are connected to a matrix switch 802, the 
outputs af ; wfaidi are in turn connected to a plurality of coiiibining circuits 
804?1 to 804-X (wha« X is a positive integer), viiieh are in turn connected 
respectivdy to aphjrality ofdigital liansniittin^recdv^ ISO'^l to 
130"-X Units 130"-! to IBO'-X are connected to the mioxjcell areas 102 
over respective transmission paths 104^1 to 104rX, as illustrated in FIGURE 
35A 

The respertive outputs of transmitter/receiver digitizing units 
130" carrying the analog microcell traffic, are each ^lied to matrix switch 
808. Matrix switch 808 selectively connects any input to any one of receivers 
28-1 to 28-N throu^ respective outputs 806-1 to 806-X, and combining 
circuits 807-1 to 807-X A controller 810 controls matrix switch 802 and 
matrix switch 808 using respective control lines 812 and 814. Controller 810 
receives a san^le of digitized niiaocelltrafGcfiom each of the digitizati(m 
units 130' ovCT sanq)le . lines 816. 

As described inmne detail bdov^ controlleF 18 dontinuously 
processes the digital sanples recdved finm units 130" and in icspdiEe thereto 
controls matrix switdies 802 and 808 in order to switch eadi of tranamitto: 
iinits 23 through to one (or inc»e or nope) units 130" and to connect 
receivers 28 to raie (ot more or none) of units 130". ¥<x instance, in one 
exaiiplary switdiing coniiguratioii^ matrix switdi 802 might connect all three 
transmitters 23-1, 23r2 and 23rN lhrou^ ou^)uts 803-1 to combiner circuit 
804-1, so that all three transmitter fiequencies F,, Fj, and F„ are combined and 
^lied to unit ISO'-l for digitization and transport to a microcell zraie. In 
another configuration, transmitta- 23-1 and mi^ be c(Hnected to coiribiner 
804-X Ihrou^ one of outputs Wi-X, while transmitter 23-2 is connected to 
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combiner 804-2 through one of outputs 803-2, and transmitter 23-X is 
connected to combiner 804-1, through one of outputs 803-1. Matrix switch 
802 thus allows any one of transmitters 23 to be connected to any one of 
conAinas 804, in any combination. 
5 Switch 802 thus permits a transmission fiequency to "follow'' a 

mobile unit from one microcell zone to another. For exainple, with reference 
to HGURE 35C c(MTsider a mobile ittiit 820 wWdi initiate 
telephone call at atime T, within 2one Al . In th^^ mobile linit 820 

is located in a car. However, it can be hantkarried of othetwise tiSnspcHted 

10 fixm zone to zone. To set up calls and perfonn control, th6 cdntrol 

diannd(s) for a cell Aj B or G is simultaneously transmitted to and received 
from all zones in the respective cell, as accomplished by switches 802 and 
808. UpcHi call set up, which is acconplished in a conventional fashion, as 
for example described in "Mobile Cellular Telecommunications Systems, by 

15 William C Y. Lee, NfTSO 1 10 assigns mobile unit 820 to a currently 
available channel, for example the frequencies handled by transmitter 23-1 
and receiver 28-1 (assuming a transmitter/receivia- pair is curretltly available 
for assignment). MTSO 110 is progpmmed to recognize that the dianncls 
associated with transmitters 23-1 to 23-N and receiveis 28-1 to 28-N are 

20 assigned, collectively, to cell which in this example consists of zones Al- 
A6. During the initial set up the assigned trar^ 
be transnratted to received from all zones in the cell, at least until it can be 
detemiined MWch ztme can hafldle the <ai exc^^ 

Thus, as initially set up, mobile unit 820 transmits and receives 

25 on frequencies and F^i respectively: Qjntroller 810 

the signal strength of tiananisisions from mobile units 820 in all zones in Cdl 
A as received at the antenna units of the remote units 102 positioned in the 
zones. Signal strengdi in each zone is detected by sampling the digitized RF 
microcell ti:affic returning from remote units 102 to units 130" . While mobile 

30 unit 820 is within microcell zone Al, the strength of the received signal F', 
is likely the greatest because of the proximity of mobile unit 820 to the 
antenna unit of remote unit 1021-1 in zone Al. Frequency F', mi^ 
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however, also be received at the antenna of remote unit 102 in zone A2, or in 
the more distant zone A3. Control unit 810 monitors the strength of received 
signal F', in all of the digitized microcell traffic streams received from all of 
remote units 102 in the Cell A, and, according to at least one exemplary 
5 approach, identifies the remote unit 102 \*iiieh receives the strangest signal at 
frequaicy F',. Assuming for this exanple, that the signal F', recdved at fee 
remote unit 102 in zone Al is the strongest among fee zmes, controller 810 
signals matrix switch 802 to connect transmitto: 23-1 to cond}iner 804-1; 
which in turn applies its oulput to digitizing ISO"-! . Unit 130r-l in turn 
10 transmits fee digitized ffliaocdl trafiSc stream containing the frequency Fj to 
fee remote umt in zcme Aly Wiiidi in turn 

(along wife any other frequencies switched into the axnbina- 804-1). Qn fee 
return pafe, controller 810 causes matrix switch 808 to connect fee ou^ut of 
digitizing unit 130%1, as received on line 806-1, to receiver 28-1 . Preferably, 

15 transmitter 23-1 is connected to no ofeer digitizing units 130", such that no 
ofeer remote unit 102 is broadcasting at fee frequency F„ except for unit 102- 
1. Similarly, it is preferable that no other digitizing units 130' are connected 
through matrix switch 808 to receiver 28-1. As a result, interfei«ice between 
adjacent microcell zones caused by broadcasting fee same fiequoicy is 

20 avoided and interference resulting from a receiver 28 receiving the same 
fiiequency (at diflfermt phases and varying distortions) fiwn more than one 
zone is avoided. 

Extending the example fialherj consider now that mobile unit 
820 moves from zone Al to microcell zaie A2 at a time tj. As mobile unit 

25 820 nK)ves from microcdl zone Al to zone A2, controUer 810 continues to 
sanple and detect fee recdved sigrial strengfe of transniission fr:equency F^^ 
from all fee remote units 102 in cell A. Hxm movement fitnn microcdl zone 
Al to A2, controller 810 should detect an incr^asin^y stronger signal at 
frequency F', in microcell area A2, and correspondingly a reduction in signal 

30 sfrengfe at that frequency in microcell area zone Al. When certain switching 
criteria are iiMt, controllar 810 pafomas a "passive handpf^" by switdiing 
transmitter 23-1 fiton connectian to combuier 804rl to cormection wife 
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combiner 804-2, and correspondingly switdiing receiver 28-1 to receive its 
input from digitizing 130"-2. As a result, transmission at frequency F, ceases 
at remote unit 102 in zone Al, and the signal received at that remote unit 102 
is no longer ^plied through switch 808 to receiver 28. Thus, system 800 can 
5 passively switch a channel fiom one zone to another within a cell to follow a 
mobile unit. 

Hie following emnple illustrates the operation of system 800 
w4iai the mobile unit moves from one cell to another. For exairqsle;, if mobile 
unit 820 moves from microcell zone A3 to zone Bl at a time tj, controller 

10 810 again detects a corresponding reduqtioti in signal strength received at the 
remote unit 102 ill zone A3; However no conresponding increase in signal 
strength in another zone in cell A is detected to trigger a passive handoff. 
Rather, the handoflffiom cell A to cell B is handed by MTSO 110 as MTSO 
110 senses fte movement ofthe mobile unit 820 b^ Prior 

15 to leaving the cell, as the signal strength decreases, transmission and reception 
may be achieved using all zones in the cell. As the unit 820 moves into the 
B cell, MTSO 1 10 operates to assign a new channel to the mobile Unit, fit)m 
fi«quencies assigned to cell B. The base station unit 1 14' serving cell B then 
operates in the same manner as described above to identify iflie initial zone to 

2 0 transmit and receive fitMn, and to perform passive handoflfe within cell B. 

Accordingly, switching between cells A, B or C is carried out independently 
of the passive handoff of assigned frequencies between zones in a cell. Cell 
B could, of course, be of conventional design wth i single aiitehria ser^ 
the entire cell. 
25 ^ 

passive handoff system, v»*ierein a transmission fitquehcy is assigned to a 
mobile unit, and that fiiequency tracks or follows the mobile unit from one 
microcell zone to another under the control of controller 810, and without 
interveaition from or switching of transmission frequencies by the MTSO 110. 

3 0 This mode of operation is particularly advantageous in certain microcell 

applications, wherein multiple remote units 102 arc requited to cover ari area, 
but there is not enou^ traffic density in a given zone within the area to 
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support a canventicHial cell site installation. Fca: exan^le, a narrowed 
dqDression in the terrain, such as a ravine or along a road adjacent to a river 
bed may require multiple antenna installations to obtain adequate signal 
coverage, due to blockage from nearby terrain. Another example mi^ be in 
5 an underground parking garage, or even in large office buildings where larger 
than normal signal attenuation results in unacceptable signal levels. 
Furthermpre, ceU sites in some cellular systems are not located close enou^ 
together, thus resulting in poor coviOTge a between tiie cells. Still another 
exan^le is along a traffic conidor betwieoi pcpilaticm centers. For thesis 

10 situatioiK and g^eis, it is advantageous to^u^^^ 

permitting an e:q>ansi(»i of the area covered without assigning separate 
frequency sets and coniespanding transmitters and recdvers fo^^^ 
within the area 

Preferably, each switch 802 and 808 provides support for at 

15 least twenty (20) transmitters and twenty (20) receivers, respectively. In 
addition, each of switches 802 and 808 preferably pemiits connection of the 
transmitters and receivers to up to sbt digitizing units 130". Accordingly, 
matrbc switch 802 may be used, for example, to connect up to twenty (20) 
transmitters (vAiecQ N=20), throu^ to any one of digitizing units 130". 

20 Similarly, the output from digitizers 130" may be selectively connected to any 
one of receivers 28, such that a single one of digitizers 130" may be 
connected to all of receivers 28, (M- aU of the digitizihg^^^u^ 
connected to a^ingle one of recoveis 28;^^^ it ^l be imdostodd 

that switdies 802 and 808 may be adapted to handle more or less than twoity 

25 (20) recdvers or transniitters, or more or less than SK (6) 1^ 

Switdies 802 and 808 are preferably matrix switches, wherein 
the confining fimction is integrated into the switdi at the ihatrix nodes, in the 
form of Wilkinson combiners using nonreflective pin diode attenuatore. Such 
components are available fixMn Salisbury Engineering, Inc., of Salisbury, 

30 Maiyland. The switches arc preferably of the attenuator type, allowing linear 
control of rise and fell time. Switdiing is preferably make before break 
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Referring now to FIGUTIE 36, there is shown a first exemplaiy 
embodiment of unit 130". Unit 130" is of the same design and operation as 
unit 130, except it additionally includes a data bus 830 connected to the bus 
carrying demultiplexed digitized microcell traffic from demultiplexer 142 to 
digital-to-analog converter 144. Bus 830 is applied to parallel-in parallel-out 
FIFO buffer 832, whidi has an output enable controlled by ari enable line 834 
received from a controller 810. When enabled, buffer 832 bulijuts a i«plica of 
the digitized mioocell trafSc on data bus 836. 

Rfifemng now to HGURE 3^^^ 
embodiment of controller 810 according to the ptesent invention. Coiitibller 
810 of HGURE 38A is ad^sted for use with unit 130" shown in FIGURE 36. 
Controller 810 includes a muMplexo" 884 which is connected to the buflfos 
832 in each of units 130"-1 to DO'^-X. through a twelve (12) bit data bus 
836 with one (1) clock line. Multiplexer 884 (preferably tri-state) selects 
input from one of the busses 836, and supplies it to fest-fouridr-trahsfonn 
(FFT) processor 856. Selection is made under control of microproeessor 
system 860, using control line 862. FFT processor 856 clocks in digitized 
microcell traffic sannples consistiiig of 12 bit words. Digital FFT processor 
856 preferably uses a Raytheon Part No. 3310, available from Raytheon, Inc. 

"Hie output of FFT processor 856 is a pliiraUty of 16 bit woids 
in bins, with cadi bin rqwesenting the strength or an^litude of a 30 KHz 
channel (or channel of a PCS or other service) within the digitized cellular 
data stream. The outpm of FFT pro^ 856 is applied to systeni 860 over 
data bus 859, using control line 861. A select circuit 886 receives a control 
signal 863 fiiom system 860, and selectively graerates signals on oiable lines 
834. Enable lines 834 are used to selectively enable the outputs of buffers 
832, so that FFT processor 856 can be selectively filled with digitized 
microcell trafiSc samples from a selected source. Microprocessor system 860 
is connected to a matrix switch drivCT 875, v(^di drives matrix switches 802 
and 808. The operation of controller 810 as shown in FIGURE 37 will be 
described in more detail below. 
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Refemng now to FIGURE 38, there is shown a simplified flow 
diagram of the operation of programmed microprocessor system 860 and its 
corresponding control over the operation of system 800. FIGORE 39 is 
rqjresentative of both the program 900 executed by microprocessor system 
5 860 and the method of system 800. Program 900 include an 

initialization/configuration routine 910. System configuraticm pnivides for the 
idoitificaticHi of the diannels serviced by base station 114'. PtefeFably, 
miooprocessor system 860 include nugn^c storage media such as a haid 
drive or tiie equivalent ft* storage of the configijration information and other 

10 dsSSi, to ffSQxT 

svntching qjoation be invoked. In this mode of operation, 
miaxpipcessor system 860; firs^ 912) the digitized traffic 

stream for a "first" zone in the cell. In the embodiment of FIGURE 37, the 
selection is achieved using enable lines 834. A selected one of enable lines 

15 834 is activated to enable the acquisition and output of the micrticell traffic 
data jfrom a corresponding one of bufifers 832. The enabled buffer 832 applies 
a replica of the digitized miaocell traffic stream from demultiplexer 142 in 
unit 130" to multiplexer 884, vAudti applies the digitized traffic stream to FFT 
processor 856. 

20 Routine 914 provides that FFT processor 856 is activated for 

loading of the digitized microcell traffic stream under the conbnl of 
niicixjpit)ces5pr system^^S^^ u?ing a)ntf()l line 8^1. ; A bufifer 832 may load, 
for instance, 1024 sanqjles of the digitized nriotoceU traffic. As inicaxx«U^^ 
traffic data is received^^xttn a buffer 832i FP; processor 856 clods in 

25 digitized 12 bit 

processor 85^ conqirising ^ smes q^ bit wards ^)^^ 

strength of the respective channels carried in the digitized microcell traffic 

stream. 

Microprocessor system 860 preferably employs an Intel brand 
30 "486" type microprocessor or better running at least 33 MHz. At this speed, 
the time between selection of the digitized microcell traffic stream and the 
receipt of flie frequency spectrum analysis fixjm FFT processor 856 can be 
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less than 5 milliseconds. Once microprocessor system 860 has received (916) 
the frequency' spectrum data from FFT circuit 856, which contains the signal 
amplitude for each frequency in the zone, the data is recorded for immediate 
or later analysis (routine 918). Optionally, the date and time of the signal 
5 measurement is also recorded, togeJher with any other parameters of interest. 
The polling process continues if all zones in the cell have not yd been 
measured within the current polling cycle If polling continues, the digitized 
microcell 1ia£5c stream for the next zdab in the cdl is selected (rottfine 924) 
in the above-described process of data acquisition analysis and storage is 
10 repeated. 

Once all zmes have been measuitd in a cunrat cycle, 
raiaoprocessor system 860 determines the charmel 0 e., transmitter/receiver) 
zone assignments based on the signal levels recorded during the cycle. The 
particular manner in which this determination is made is not essential to the 

15 invention, but jHeferably may take one of the forms described below. 

It is contemplated that die switching algorithms for the transmit 
and receive paths of unit 114' will be diflfeent. In the tram 
contemplated that the method of switching will use the covda^ received 
signal straigth in a given zone over a period <tf i/2 second to 3 

20 the zone with the greatest strength diosoi as the iaetive jsone. Alternatively, a 
zone vAich is not currently feding even if at a lovvcr signal strength, may be 
chosen. If it doesn't matter which zone is used, for example, if signal 
strengths are comparable, a zcine may be diosoi vvhidi evens^^(^^ 
distribution of chaniiel assigtiments in the <«11:^^^^^^ zone 

25 cannot be determined, several or all zones can be selected or active, for 
example, as might occur w^ien a mc*ile unit is on the edge of a cell. 

For switching receives, instantaneous and average levels are 
tracked, and fades are tracked so that trends can be predicted and the 
switching from one zone to anotha- on the receive side can be anticipated. If 

30 the received signal strength is below a threshold level, then a receiver may be 
connected for reception from all zones, for instance where a mobile unit is on 
the edge of a cell. Switching on the receive side is ^ically accomplished at 
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a much faster rate of change, than oi the transmit aide owing to the greater 
problem of reception and feding from the relative low power transmitteis in 
the mobile units. 

Of course, other switching algorithms for both the transmit and 
5 receive channels are possible, and certainly those applicable to conventional 
cellular switching are good candidates. 

Once the new channel (trananitter/recdvCT) assignment has 
beqi determined, system 860 switches the transmitters and receivets using 
switches 802 and 808, through mateix svvitch drivers 875. 

10 As an altetnath^e to the operation specified for program 900 

described above, channel (transmitter^receiver) zone assignments may be 
detcnniiied on a ctmtinual basis afia- each new fiiequency spectrum 
measurement is obtained. For instance, program 900 of FIGURE 38 may be 
modified by inserting steps 930 and 932 between step 920 and 924, and 

15 eliminating decision step 922. Thus, as described above, system 810 may 
complete an analysis of all channels in a given zone in under 2 ms. In a 
handofif system with 6 zones, all analysis can be done in under 12 ms. One 
advantage to such fast channel analysis is in the c^sability of base station 
receive diversity, v^hich may improve .signal quality in areas at the fringes of 

20 cell coverage or whwe signal is inonientarily blocked on o^ Since 
feding is a major problem in, for example, remote areas, the ability to quickly 
switch between receiver sources allows a form of diversity reception using the 
antenriEB in diflferait zones as "diversity^ aritennas for eadi other; 

A possible side advantage of fist analysis would be to 

25 accumulate statistical data on service providers in 

finding optimum antenna/mioocell placement 

As metitiotied above, nuaxjprocessorsystan 860 m£v 
optionally record the date and time of each measurement of the fi«quency 
spectrum of the digitized microcell trafiBc stream Accordingly, a history of 

30 channel usage and signal stiength within any given channel may be readily 
obtained, and later used for the purpose of reconfiguring the system, for 
example, by moving antenna units. Accordingly, the present invention fiirther 
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CQntraiq>lates a method of recording tiie use of the diannels within the zones 
and the conresponding signal strength, and later using this information to 
reccHifigure the system. 

As an alternate exemplary embodiment, the system of Figure 
35A (and Figure 39 below) can be modified so that the digitized RF signal is 
carried to the zones over a switched telephone network, as for example 
illustrated in Figure 30, or mo^fied to transpoit the digitized RF over a cable 
system, as for exanple illustrated herein. 

In the alternate embodiment of FIGURE 39A; ba^ station 114' 
is modified to provide all digital base station 114": All digital base station 
1 14"/ like the systemlof FIGURE l lA, uses a digital synthesizer 212' mi 
digital demcxiulator 224 to replMs the ai^ RF radio equipment in the base 
station. A TI Interface 202 interfaces to MTSO 110, and applies a digital 
foim of each telephone signal all control signal &om the MTSO to each 
digital synthesize 212'. Each syntfiesizw receivai control signals from the 
controller 810' over line 812'. Each digital synthesizer 212' is responsive 
to controllCT 810' to create a ^thesizer dgital data stream for framing and 
transport to an associated unit 106 in a zone, so that any combination of the 
channels assigned to the cell can be broadcast in the cell. 

On the return path, the digitized sanple 816 is taken from the 
demultiplexed digital data stream returning from the units 106, and supplied to 
controller 810'. Hie digital samples are obtained from the demultiplexer 
221' in a like manner as described above wth respect to FIGURE 36. 
Controiler 810' in turn uses the sample data as desaibed above with respect 
to control 810 to control switdhing. Selector 880 can be used to select the 
received signal fijT any desired channel from any one of dembdulatots 224, for 
application to Tl intetfece 202; Aheraatively, selector/processor 880 iS 
configured to process two or mMe of the incoming streams for eadi channel 
to caeate a reduced noise composite stream. 

An alternate embodiment of the system of FIGURE 39A is 
illustrated in FIGURE 39B. Hie system of FIGURE 39B is similar to the 
system of FIGURE IIB, in that the digital synthesizer 212" receives an 
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analog telephone signal input fix>m radio controller 22, and operates like 
synthesizer 212' of FIGURE 1 IB. Similarly, digital demodulator 224' 
operates like demodulator 224' of FIGURE IIB, tfelivering an analog signal 
to radio controller 22. 
5 Yet another two alternate embodiments of the system of 

HGURE 35 are shown in FIGURES 39G and 39D, which are modified in a 
manna- similar to the systems of FIGURES I IC and I ID, so that transport is 
over the switdied network and the synthesizer pRxfaices individual digitized 
diannels for {plication to the network. 

10 Refemngncjw to FIGURE 40, there is shown yet another 

popplsny embodiment of the ^^ston of H(^^ this case modified 

to communicate througih the switdied telephraie nrtwork by replacing units 
130" wiA a modified version 614" (mo(fified to obtain the samples of the 
digitized traflBc stream) of circuit 614' of FIGURE 32B. In this embodiment, 

15 only those channels actually used in the antenna units 106 are tranqxHted to 
the units, saving bandwidth in the same way as system 614' . 

Referring to Figs. 41A-C, there is illustrated other alternate 
exemplary embodiments of the passive handoff microcell system of the 
present invention. In the systems of Fig. 41A-C, redundancy is achieved by 

20 arranging the microcell units 102 such that each area of the cell, or "macro 
cell", is covered by at least two rnicrocell traits. Accordiiigjy, in the event of 
a fidlure of cne of the units, the redundant microcells 103 are avaiM>le to 
provide coverage in tiie area lost due to the &ilure. 

In Fig 41 A, a maciocdl 103 is covered by three pri^^ 

25 microcells 102 and by three secondary microcells 105. In the exan:q)le shown 
seomdaiy nuoxx^lls 105 are placed in a distril^ 
primaiy mictooells 102 but rotated 45 degrees around the center ofmacrocell 
103. It should be apparent that cHher distributions could be used 
advantageously to provide similar redundant coverage. 

30 In normal operation, primary microceUs 102 provide fiill 

coverage over macrocell 103. In case of a £ulure in one of the miaocells 
102, however, the two adjacent miax)cells 105 can provide coverage over ti^ 
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region served by the failed primary miaocell 102. In another embodiment, 
primary microcells 102 provide primary cav^ge to first regions of macrocell 
103 and secondary coverage to second re^ons of macrocell 103 while 
secondary microcells 105 provide primaiy coverage to the seamd regi<ms of 
5 macrocell 103 and secondary coverage to the first tenons. 

A second method of providing ledundarit coverage is illustrated 
in two embodiments drawn in ngsi 4lB arid^Q 
embodiments shown in Figs. 41B and 410, each thicrbcdl 102 is provided 
wilh two powCT lewis. In normal operation, eadi nmc^ 102 is Opaat6d at 

10 the power level necessary to provide miaocell 102 covaage. In Oisra viiiae, 
however, a microcell 102 £dls, adjoirung rhicrocells 102 are raised to a hi^er 
power level (shown as 102'); As can be seen ih Figs. 41B and 41C, such an 
increase in power level provides coverage over the foiled microcell 102. 
Althou^ the microcells 102 of Figs. 41A and 41B are shown divided into 

15 three sectors, it should be ^parent that other sectorizatim, or no sectorizatiai, 
can be used within the above-described redundancy scheme. 

Sectorization will be discussed heji: 
20 According to yet another aspect of the inventidri; fte im 

system of the present inverition niay be used to replace the conventional base 
station transmitter 12 in a conventioaial odlas for exan^le s^^ 
hi addition, as can be seen in Figs. 41A and 41B, each microcell could be 
split irito a riunibw of sectorsi each sector driven by a directi 
25 antenna unit According to sudi embbdirnent^ showri jgaierally in Fig. 42, a 
sectorizBd antenna unit 900 having a plurality of transmit and receive antenna 
pairs 902 divides a nmcro or macrocelliiito a number of secto 
antenna pair 902 broadcasts and receives using a different channel set For 
example, according to one prefenred onbodiment, a miCTocell 16 is divided 
30 into three 120-degree sectOTS with one antenna par 902 assigned to eadi 
sector. Each antaina pair 902 utilizes ten transmit and recdve channels for 
its sector, with a 21 diannel sq)aration between diannels within the sector. 
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In addition, according to one exenplary embodiment, there is provided seven 
channel separation between channels, between sectors. 

The antenna pairs 902 in each macrocell are supported by a 
remote unit 904 vMdti receives di^tized RF for the channels in all three 
5 sectors, and convots the digitized RF into analog RF for transmission into the 
sectors covered by the antenna pairs 902. Rismote units 904 further include 
analog-to-digital convertas fm digitizing RF received in eadi sector, and fcH- 
transmitting Ifae digitized RF to the sectorized base staticHi units 906. Eadi of 
the sectmzed base station units 906 is connected to flie N1I^17v viu 

10 turn is connected in turn to the switched tdq^one network 15. 

Eadi sect(nized base station unit 906 includes radio frequent 
transmittos and receivers for eaxdi of the diaimel sets used in eadi of the 
sectors of the macrocell, and digital-to-analog and analog-^to-Agjtal oxwersion 
units for transmitting digitized RF to the remote units and for receiving 

15 digitized RF and applying it to the receiver units. Sectorized base station 
units 906 are preferably connected to remote units 904 over a single fiber 
optic link 905 using wave division multiplexing as described above, although 
separate transmit and receive links could be used if desired. 

Referring now to Fig. 43, there is sh«wn iti rnore detail a 

20 sectorized base station unit 906. Eadi sectorized base station unit 906 
indudes a radio eontioller 22 for eadi of the sectors serviced by the base 
station unit 906. Eadi of the radio controllas 22 are connected to die MTSO 
17. A corresponding number of transmitteF arid lecdvor banks 912 are : 
{Hovided, each with a plurality of transmittas and receivers. Preferably^ 

25 according to the exaxq)laiy embodiment shown hecdn^ eadi bank 912 

includes ten transmitters and toi receivers. The ou^ of the transmitters of 
each bank 912 is combiiied and^^lied to analog-to-di^tal conversi(»i unit 
9H, vAach m^ be of a design similar to those desaibed hereinabove, for 
exanple as ^own in Fig. 4. Analog-to-digital conversion unit 914 digitizes 

30 and fiames the digitized RF, and ^lies an optical ouQjut to wave division 
multiplexer 916, vAiidti is in turn OMmected to fiba: 905. At the same time, 
optical infcMixiaticHi received fix>m remote unit 904 is s^lied throu^ wave 
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division multiploces: 916 to an optical filter 918 AJ^iiich filters out the signal 
received fijom remote units 904 as distinct optical wavelengths, for example in 
the case of a three sector system, wavelengths of 1520, 1550, and 1580 nm 
can be used. Each of the filtered, separate wavelengths is ^plied to the input 
5 of one or more digital-to-analog ccMivasion units 920, whidh (temultiplex and 
convert fi-om digital-to-analog fonn RF signals received from the remote units 
904, for each of the sectors serviced by the remote unit 904. The analog 
output of digital-to-analog caiversion units 920 is^ ^lied to the respective 
receivers in eadi bank 912 

10 Refening now to Fig. 44, there is shown in more detail a 

remote unit 904, Eadi remote unit 904 inchides a wave division muhijplexer 
930 connected to fiber 905. Wave division multiplexer 930 receives from 
sectorized base station unit 906 the digitized optical signal carrying the 
channels of all sectors serviced by remote unit 904, and applies the digital 

15 optical signal to digital-to-analog convoter unit 932, the output of which is an 
analog RF signal representative of all channels represented in the sectors 
serviced by the remote unit 904. The analog output of conversion unit 932 is 
applied to splitter 934, x^iiich splits the analog RF signal iiito N paths (where 
N = the number of sectors) corresponding to channels assisted to each o^ 

20 antenna pairs 902 applies the analog RF to channel filter units 936. Each 
antenna pair 902 has its own channel filter unit 936 to filter out of the RF 
signals fiom splitters 934, those channels to be transmitted in the respective 
sector. The ou^ of channel filtei- unit 936 is applied to an amplifier 938, 
whidi is in turn applied to a band pass filter 940, which passes only those 

25 channels within the band assigned to the particular sectOT. The output of band 
pass filter 940 is applied to a transmitter antenna 902a of antenna pair 902. 
Meanwhile, a receiving antenna 902b of that antenna pair 902, receives RF 
signals predominantly fi-om within the same sector, and ^plies the received 
signals to a band pass filter 942. Band pass filter 942 passes only those 

3 0 channels within the band, and applies the filtered radio fiequency signal to 
analog-to-digital conversion unit 944, vihich canverts the analog RF signal to 
a coiresponding digitized optical output signal at a unique optical wavelength. 
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for example, one of the optical wavelengths noted above. Each of analog-to- 
digital conversion units 944 may be of generally the same design shown with 
respect to unit 102 shown in Fig. 8. The optical outputs of each of the units 
944 is applied to optical combiner 946, which in turn ^lies its output to 
5 wave division multiplexer 930. Digital- to-anaiog conversion units 932 are 
preferably of generally the same design shown with respect to unit 130 in Fig. 
4. 

Refening now to Fig. 45, there is shown in more detail one of 
channel filter units 936. Each unit 936 preferably includes a linear 

10 programmable pTB-amplifier 950, which is used to provide the gain needed to 
compensate for the losses of the splitters and combiners. The output of 
amplifier 950 is applied to splitter 952, vMch splits the analog signal into M 
paths (where M = the numbo- of transmit diannels assigned to a sector) a 
plurality of paths. Each path in turn passes throu^ a narrow band filter 954 

15 tuned to the particular channel. Each narrow band filter 954 is preferably 
programmable, and designed to maintain a bandwidth of 30 KHz over 
teniperature. Preferably, this is accomplished by first downconverting the 
required RF channel to a 70 MHz IF signal. The 70 MHz signal is then 
passed throu^ a crystal filto- in a manner known in the art to achieve the 

20 naiTow filtering required. The IF fiequency is then upconveited to the 
required RF fi-equency. Preferably, the fi^iiiency is microptocessar 
controlled, and the RF fiequency can be set in 1 Hz increments to the 
required fiequency using a computer, such as a laptop unit Frequency 
stability is preferably achieved using a clock recovered fitmi the encoded 

25 signal sent over fiber link 905. Ideally, nanow band filter 954 should be 
nanow enough that an adjacent channel within the sector will be greater than 
50 dB do^lvn a master clock generated at base station unit 906. The output of 
each of the narrow band filters. 954 is applied to a combiner 956, which in 
tum provides its output to the amplifier 938. hi the exemplary embodiment of 

30 the present invention, amplifier 938 preferably constitutes a 25 watt PA. 

In the prefened embodiment, fiequency offeet vidll be 
minimized ly synchrcHiizLng remote unit 904 with sectorized base station unit 
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906. In one such embodiment, sectori2ed base station unit 906 transports the 
RF spectrum by down-converting from RF to an IF (in, for example, the 0-30 
MHz range), and then digitizing. After being transported to the other end, the 
IF signal is reconstmcted, and then vp-oonvated back to RF. 
5 "Hie dovvn-conversion and up-comrersion are iiii^^ 

mixing the signal with a local oscillator (LO). In oider fijr Ihe original 
frequency of the signal to be restoted, the signM must be iqHidhv^ 
an LO that has exacUy the same frequency as the 1X> that was usdd for dovwi 
conversion. Any difference in LO frequencies will irarislate to an equivalent 
10 end to end frequency oflfeet. In the embodiment described above, the down 
conversion and up conversion lOs are at locations remote from one another. 
Hierefore, in one preferred embodiment, frequency coherence between the 
local and remote LQs is established as follows: at the host end, there is a 
552.96 MHz master clock which establishes the bit rate ova- the fiber. This 
15 clock also generates a 30.72 MHz clock (30.72 = 522.96 - 18), which serves 
as a reference to which the host digitizer LOs are locked 

At the remote end, there is anotha- 552.96 MHz dock, w^ 
recovered from the optical bit stream with the help of a phase lock loop. 
Because this clock is recovered from the bit streak host, it is 

20 frequency coherent with the master clock. A 30.72 MHz clock is then 

generated to serve as a refisraice for the remote local oscillators. Because the 
552.96 MHz docks are frequency cdierent, sb^^a^^ 
and ariy LQs lockBd to them, thus ensuring that host and rranote LQs are 
lodced in fiequoicy. 

25 Referring now to Figs. 45 and 46, there is shown yet another 

altemate exeniplary embodiment to the sectorized microcell system according 
to the present invention. In this embodiment, sectorized base station unit 906, 
provides that an analog-to-digital multiplexer and digital-to-analog 
danultiplexer unit 960 receives a separate input from each of the channel 

30 banks 912, and sqjarately converts each of the RF composite signals from the 
channd banks to a conesponding digitized RF stream. This digitized RF 
stream is in turn multiplexed into a single digitized stream, which is output in 
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optical forni for application to wave division multiplexer 916. In the reverse 
direaion, a single digitized RF stream is received from wave division 
multiplexer 916, and demultiplexed into N sq)arate digital streams, each 
corre^nding to one of N sectras (v^^iae N - 3 in the example shown in Fig. 
5 42). Eadi of the (figital streanK rep««saib a de^iKhrpnis^ 

recdyed respective sector amenna in pair 902. The demultiplexed 
distal stream is tiien converted fixnn (tigital-to-analog form, and applied to 
eadi of the respective recdvers in Ite diannel banks 912^ 

Fig. 47 iUi]sti:ates an aitonate embc^ of remote unit 904 

10 of Fig.42. Ronpte units 900 of Fig. 47 include a multiplexa/<^^ 

unit 970, yvhkh receiyes the digitized stream firan wave dixdsion multqjlexer 
930, and cpnveits the multiplexed digrdzsd signals ton each of die respective 
banks in the sectorized base station umt 906 shqv^ 
demultiplexed data streanis for eadi of tiie banks is sailed to 

15 digital-to-analog and analog-tordigjtd conversion units 972 v^Wch convert the 
digitized signal to a corr^p<mding analog RF signal. The analog RF signal is 
q>plied to an an^lifier 938, vvliich is in turn qiplied to band pass filter 940 
and to transmitter antenna 902a, in a manner similar to that desoibed for 
Fig.44. Similarly, RF receiving antenna 902b is applied to band pass filter 

20 942, vMch in turn applies its ou^ to unit 972, wherein the analog signal is 
converted to a digital form for application to multiplexer/demultipleicer 970. 
The digitized data streams from each of units 972 is mult^lexed in unit 970, 
omvated to an optical output, and ^^lied to wave divisional multiplex^: 
932, for trananission over fiber 90S to sectorized base stadoi unit 906 of Fig. 

25 46. The di^tized data stream is recehred by wave divisicMi mdti^^ 

in sectorized base station unit 906 of Fig. 46, applied to unit 960. Unit 960 
demuMpl^ces the digitized stream into a digital stream assodated with each 
sector and converts eadi sector digital stream to a sector RF signal. Ihe 
sector RF signal is implied to the receivos of the respective channel banks for 

30 tiiesectas. 

Tba&y the sectorized microcdl system of the present invention 
allows for die rqilacement of the conventional cell site base station in a 
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conveaition maajocell. In the above desoibed embodiments, the antennas used 
for each sector arc directional, and are all located in the same place. Each 
directional antenna, one transmit and receive for each sectcn:, is then directed 
outwardly across the sector serviced by them. For instance, the sectors may 
5 be pie-sh^jed, witfi the directional antamas positioned at Ifae center of the pie. 
Altmimively; n(mdii€cti(s^ at 
difTetoit locations in the cell site. In such a case, Une iaaitiBiinas are coiq^ to 
the cell site throu^ cosbdal cablesJ In 

sectorization examples have been described using anterM j»ir^ it shoidd be 
10 obvious to one skiUed in the ffl^^ sector units having dhe antenna, or even 
units having three or more antennae be used advahta^Bbi^ within such 
a system. Furtiiamore, althou^ the oiaraples desmbdd only the 
digitization of RF signals gqierated &om the telephone signal received fix)m 
the MTSO, it should be ^iparent ttet the techniques of digital synthesis 
15 described in the context of Fig. 10 et al. also apply to a sectorized miarocell, 
system. Diversity channels also be implemented as desoibed above. 

Finally, although each of the exanples above describes the use 
of an analog RF signal transiliitted aiid received 1^ each ronote unit, it ^ould 
be obvious that the above i^rstam arid method can be ^lied advantageously 
20 to a digital RF cellular syston in a manner well known in die ait 
Thus, as described alxjve,^^ti^^ 
system provides for greater reuse of diannels, by dividing conventianal cells 
or even microcells into a pluraUty of sectcn 

provides all the baiefits and advantages of the microcell systems described 
25 hoeinabov^ vvhexdn the transmitters and receivers for all the diannels in the 
cell are centrally located in a convenient and inexpensive location. 

Thus, as desoibed above, the present inventions jrovide a 
variety of digital systems and methods for transporting cellular traffic to and 
from antenna units, and for passively switching. Althou^ the invention(s) 
30 has been described in its prefen-ed form, those of skill in the art will 

recognize that many modifications and changes m^ be made thereto without 
depsrting from the spirit and the scope of the claims ^ipended hereto. 
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We daim: 

1. A microcellular comnumicaticMTS system, conpising: 

a plurality of commonly located inia<ocell base station units each 
connected by a fiber path to a plurality of corresponding antenna units, eadi 
5 base station unit including: 

RF transmitters and receiveis, one for each channel assigned to 
the mioocell; 

combiner means for conibining the RF signal o^^ 
transmitters; 

10 analog-to-digital means far omverting tiie combined signal to a 

digitized stream of samples; 

fiiamingn^ansfcM-fiaming^ digitized streani; 
means for receiving the framed stream and for applying a 
COTresponding laser signal to the fiber path for transmission to the 
15 corresponding antenna unit; and 

optical receiver means for detecting the serial bit stream 
optically modulated on the fibo; 
A\iierein each antoina unit flirdier includes: 

demultiplexer means fiir receiving the framed stream and extracting the 
20 digitized RF signal; 

digital-toanalog means for receiving the digitized RF signal and 
reconstracting the analog RF signal; 

anqjlifio- means fix- anq)lifying the reconstructed si^; 
antenna means for receiving the an^lified signal and broadcasting it 
25 into a mioocell area; 

means for receiving an RF microceil traffic signal received at the 
antoma;.-.. 

analog-to-digital converter for converting the received RF microceil 
traffic to a digitized data stream; 
30 frania means for fianiiiig the digitized stream; and 
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laser means for receiving the ftamed stream and implying a 
corresponding laser signal to the fiber path for ttansmissiori to the 
corresponding base station unit; 

wdierein each base station unit further includes: 

demultiplexer means for receiving the framed mictocell traflSc stream 
&om the antenna unit and extracting the digitized RF signal; and 

digital-to-analog craiverta' receiving the digitized RF signal and 
reconstructing the analog RF signal, the RF sigpal being q>plied to the 



2. The system according to claim 1 finther including means for 

multiplexing at least one additional channel with the microcell traffic carried 
cm said fiber. 

15 3. The system according to claim 2 wherein some of the 

additional channels are for the provision of altouate services. 

4. 

channds is a personal communications netvw)tk (PC^ 

20 

5. The system acccwding to claim 3 wher^ 
channels is a paging service channel. 

6. The system according to claim 2 whradn one of the additional 
25 channds is an alarm channel. 

7. The system according toe 2 v^erein one of the additional 
channels is a voice channel to cany two-way point-to-point voice grade 
communication betweai the base station and antenna unit. 

30 

8. A miraocellular communications syston for providing mobile 
telephone service to a microcell area over a cable system, comfmsirig: 
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a miaiocell base station vmit connected by a fibar path to a head end 
unit located in a head end station of a cable television distribution system 
having a plurality of optical nodes connected to the head end unit over 
respective fiber paths, the base station unit including: 
5 a plurality of RF transmitters and receivers, one for eadi channel 

assigned to the microcell, the plurality of diannels making a cellular band; 

cQmbiner means foe combining the RF signal output fitxnthe 

analog-to-digital converter means for ccnverting the oelhdar band 
10 content of the coihbined signal to a digitized stream of sanples; 

first fiaming means for framing the digitized stream; and 
digitally modulated laso- means for receiving ^ framed stt«am and 
flying a conesponding laser signal to the fiber path far transmission to the 
head end unit; 
15 the head end unit including: 

demultiplexCT means for recdving the fiamed stream and extracting the 
digitized RF signal; 

digital-to-analog convater means for receiving the digitized RF signal 
and reconstructing an analog RF signal containing the cellular band; 
20 one or more filta- means for separating the cellular band into a 

plurality of suthbands, eadi sid)rband containing plurality of 

' diannels; 

modulatcH* means for modulating one of said sub-bands and applying 
the modulated oulput to an optical transmitter prpdudng a con^spon^ 
25 optical signal for s^licatioi to one of said fiho- pa^ connected to a optical 
node; 

optical receiver means for receiving a modulated optical signal 
carrying a sub-band and producing a correspanding electrical signal for 
application to a demodulator for demodulating the sub-band to produce a 
30 corresponding analog RF signal including the sub-band; 

analog-to-digital oonvater means for receiving the RF signal from the 
demodulatcH- and convoling the RF signal to a digitized data stream; 
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second fiaming means for framing the digitized stream; and 

digitally modulated laso- means for receiving the fiamed stream and 
applying a corresponding laser signal to the fiber path for transmission to the 
corresponding base station unit; 
5 vi^ierein each base station unit fijrther includes: 

demultiplexer means for receiving the framed microcell ti^c stream 
fom the anteram urat and exd:^^ 

digital4o-ai]alog com^rter nieaiis for receiving tifc digitized RF signal 
and reconstnicting Ihe analog W signal, the RF signal being ^lied to the 
10 receivers;.; and-: ■:;> 

an optical node unit located at the optical node of the cable television 
systmij the optical node unit including: 

optical recover means fijr iecdv^^ 
one fiba- path; 

15 demodulator means for demodulating the modulated suM)and to 

produce an RF signal containing the sub-band; 

amplifier nxans for amplifying the RF signal fOT 
main antenna; 

filter means for fihering out the siil^bmd fldm RF received at the 
20. main::ant€?uia;>. 

modulator means for modulating the received sub-band; and 

optical traiisiriitter means for ap^^ signal to 

V : ; ■ the ..one fiber.:palh. h 



25 9. "I^ system according to claim 8 whci^ 

and demodulator means in said head aid unit and optical node unit are 
amplitude modulated (A^) so that the sub-band is caiiied over the one fiber 
path in analog format. 

30 10. A microcellular communications system for providing mobile 

telephone service to a microcell aea ova- a cable sj^tem and using digital 
modulation, conpising: 
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a microcell base station unit connected by a fiber path to a head dnd 
unit located in a head end station of a cable television distribution system 
having a plurality of optical nodes connected to the head end unit over 
respective fiber paths, the base station unit including: 
5 a plurality of RF transmitters and receivers^ one for eadi dhannel 

assigned to the microcell, the plurality of channels making up a cellular band; 

combinqr roeaos for combining the KF signal output #om a subset of 
the transmitters, said subset conpising a siib-band; 

analogrto-digi^CQnvQtCT m 
10 content of the combined signal to a digitized stream of sanq)les; 

fiamermeaisfiariftamin^ 

laser means for receiving the framed stream and: flying a 
conespcuxling laser a to the fiber path for transmissi head end 

unit; 

15 the head end unit further including: 

demultiplexer means for receiving tiie fi:amed stream and extracting the 
digitized RF signal correspcmding to said subset of transmitters; 

digital modulator means for receiving the digitized RF sul>band signal 
an4 flying a modulated output to an optical transmitter producing a 
20 corresponding optical signal for plication to one of said fiber paflis 
connected to a optical node; 

optical recdvermeans:£^ 
canying a digitized KF signal anresponding to said sub-band and piodudng a 
corresponding electrical signal for s^lication to a digital donodulator, the 
25 digital dqnodulator prod^ to the sub- 

band; 

fi:aming means for fiaming the digitized stream; and 
laser means for receiving Ae fiiamed stream and flying a 
corresponding laser signal to the fiber path for tnansmissim to the base station 
30 unit; 

wiiorein eadi base statirai unit fiirtfaer includes: 
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demultiplexer means for receiving the framed microcell traffic stream 
from the antenna unit and extracting the digitized RF signal; 

digital-to-analog converts means for receiving the digitized RF signal 
and reconstructing the analog RF signal, the RF signal being ^lied to tiie 
5 receivers; and 

an optical node unit located at the optical node of the cable television 
systoD, the optical node unit including: 

qjtical iBoeivec means fijr^ i^^ sub-band on 

said one fiba: path; 

10 digital demodulator means fir demodulating the modulated sub- 

band to produce a digital signal containing the di^tized sub-band; 

digitaMo^analog eoiverter means fijr coiverting the digital 
signal to a conesponding RF signal; 

anplifier means f<x amplilying the RF signal for transmission 
15 from a main antenna; 

filter means for filtering out the sub-band from RF received at 
the main antenna; 

analog-to-digital converto- means for converting the analog RF 
signal to a correspcMiding digital signal; 
20 digital modulator means for nxxiulating the digital signal; and 

optical trananitternieans for flying a conesp(Hiding laser 
signal to the one fiber path. 

11. A mictocellular opnummications system utilizing die switdnd 

25 telqjhone network fiirtiansmission of the RF signal, comprising: 

a phirali^ of onnnranly located miatxseU^ I^ and a 

piurali^ of associated antenna unit, eac^ base station units includii^ 
RF transmitters and receiversi one fiw eadi channer^^ 
the microcell; 

30 combiner means for combining the RF sigrial ou^ from a 

subset of die transmitters; 
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analog-to-digital converter means for converting the combined 
signal to a digitized stream of samples; 

framer means for framing the digitized stream to a signal 
format compatible with the switched telephone network: and 
5 inter^ means for intet&cing the framed signal with the 

switdied telq)h(me netw(nic and addressi^^ 
wiierein each antoma unit includes: 

intfflfece means fiff intetfiicingto^^^ti^^ 
netwDik to receive the digitized stream; 
10 demultiplexer means for recdving the framed stream and 

extracting die digitized RF signal; 

digital-to-analog converter means for receiving the digitized RF 
signal and reconstruaing the analog RF signal; 

power amplifier means for amplifying the reconstructed signal; 
15 antenna means for receiving the amplified signal and 

broadcasting it into a microcell area; 

analog-to-digital converter means for receiving an RF mioooell 
traffic signal received at the antraina; 

analog-to-digital converter means for converting the received 
20 JKF nact^^ 

framer means for framing the digitized signal 
fonnat compatibie with the switched tdqdione netwocfc; 
tiie mta:&ce means frirtfaer for receiving the digitized stream and 
transnoitting it ova the switdied netvtok to tiie coi^ base station 
25 unit; 

vAierein eadi base station unit frmfaer indudes: 

denailtiplexer means for receiving the framed miaxx^Il u 
stream frcmi the antom unit and extracting the digitized 
and 

30 digital-to-analog converter means for receiving the digitized RF 

signal and recMistnicting the analog RF sigMv the RF signal being 
jq>plied to the receivers. 
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12. A microcellular ctMiimunications system, comprising: 

a plurality of commonly located microcell base station units each 
connected by a fibo- path to a ccaresponding antenna unit, eadi base station 
unit including: 

synthesizer means far receiving a phone signal fiom a mobile 
telecommunications switdiing office and convating it to a digitized 
stream of samples w4iich \vbBn applied to a digital-to-ahalog araverter 
in an antenna unit, provides a corresponding RF signal; 

fiamer means f<x fiaming tiie digitized stream; and 

digitally modulated laser means for receiving the fiamed streahi 
and applying a corresponding laser signal to the fiber path for 
transmission to the corresponding antenna unit; 
each antenna unit further including: 

demultiplexer means for receiving the framed stream and 
extracting the digitized stream of samples; 

digital-to-analog converter means for receiving the digitized RF 
signal and reconstructing the analog RF signal; 

power an^jlifier means fijr amplifying the reconstructed signal; 

antenna means for recdving the amplified signtEd 
bnt>adcasting it into a microcell area; 

analog-to-digital converts means for receiving an RF midocell 
tiafSc signal recdved at the antoma; 

analpg-todigjtal convoter means fijr convoling the received 
RF microcell trafBc to a digitized da^ 

fiiamer means f(x filming the digitized stream; and 

digitally modulated laser means for receiving the fiamed stream 
and applying a corresponding laser signal to the fiber path for 
transmission to the corresponding base statical unit; 
vdierein each base station unit fiirther includes: 

demultiplexer means for receiving the fiamed microcell traffic 
stream fiom the antenna unit and extracling the digitized JRF sigiial; 
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the ^nthesizer means further including means for converting the 
extracted digitizjed RF signal to a form that can be transmitted to tte MTSO. 

13. A method of staged deployment of a digital imctt)cellular 

5 communications syston, comprising the steps of: 

(a) dqjioying a plurality of commraJy located analog microcell base 
station units, each connected by a fibo* path to a correspcxiding remote 
antoina unit, eadi analog base station unit including: RF transmittals and 
receivers, one fin* eadi channel assigned to the microcell; a combina: to 

10 combine the RF signal output fixxn the tiansmittm; a broadband analog-to- 
digital converter for converting tiie combined signal to a digitized stream of 
samples; a fiaming pircuit for fiaming the digitized stream; a digitally 
modulated laser receiving the framed stieam and applying a corresponding 
laser signal to the fiber path for transmission to the corresponding antenna 

15 unit; 

(b) deploying a plurality of remote antenna units, each antenna unit 
including: a demultiplexer for receiving the fiamed stream and extracting the 
digitized RF signal; a digital-to-analog converter receiving the digitized RF 
signal and reconstructing the analog RF signal; a power anplifier for 

20 amplifying the reconstructed signal; an antenna recdving the anplified signal 
and broadcasting it into a miaoodl area; an analogrto-digital convater f(»: 
receiving an RF microcell traffic signal received at the antenna; an analog^o- 
digital convoter for convecting tiie recdved RF microcell traffic to a digitized 
data stream; a fiaming circuit foe fiaming the di^tized stream; a di^tally 

25 modulated laser receiving the fiamed stream and flying a correspou&ig 
laser signal to the fiber path fcsc transmission to the conesponding base station 
unit; 

the base station unit fiatiier including: a demultiplexer for 
receiving the fiBmed microcell traffic stream from the antenna unit and 
30 extracting the digitized RF signal; a digital-to-analog converter receiving the 
digitized RF signal and reconstructing the analog RF signal, the RF signal 
being q>plied to the receivers^ and 
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(c) replacing the plurality of analog microcell base stations with a 
plurality of all digital base stations, eadi of said all digital base stations 
comprising: a synthesizer means for receiving a phone signal from a mobile 
telecommunications switching office aid converting it to a digitized stream of 
samples viach v^4ien applied to a digital-to-analog convoter in an antenna 
unit, provides a carrespcmding RF sigtial; a framing circuit for fiaming the 
digitized stream; a digitally modulated laser receiving the framed stream mi 
flying a correspoi^g laser signal to the fiber path fen: transmission to the 
corresponding antenna unit: : 

14. A microcellular communications system, comprising: 

a plurality of commaily located microcell base station units each 
connected by a fibar path to a cbi^iesponding antenna unit, eadi base staticm 
unit including: 

RF transmitters and recdveis, one for eadi diannel assigned to 
the microcell; 

onnbina means for ocnnbining the RF si 



analog-to-digital converter means for converting the axnbinecl 
signal to a digitized stream of sanqjles; 

framer means for framing the digitized stream; and 

digitally modulated laser means fix recdving the fi:^^ 
and flying a corresponding laser signal to the fiber path for 
' traiisinission to the cotrespcHiding anteiuia unit; 
eadi antenna unit including: 

demultiplexer means for receiving the fiamed stream and 
extracting the digitized RF signal; 

digital-to-analog converts means for receiving the digitized RF 
signal and reconstmcting the analog RF signal; 

power an^jlifier means for amplifying the reconstructed signal; 

primary antenna means for recdving the amplified signal and 
broadcasting it into a microcell area; 
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analog-to-digital c»nverter means fw receiving a primary RF 
microcell traffic signal received at the primary antenna; 

analog-to-digital converter means foe converting the received 
RF microcell traffic to a first digitized data stream; 

diversity antenna means for receiving a diversity RF traffic 

signal; 

analog-to-digital comrecter means for converting the received diversity 
RF traffic signal to a second digitized data stream; 

fiamer means for framing the primaiy and divarsily digitized 
data streams; and 

digitally modulated laser means for reodving the framed stream 
and applying a coffesponding laser signal to the fiber path for 
transmission to the ccxresponding base station unit; 
vAtet&n each base station unit further includes: 

demultiplexer means for receiving the framed microcell traffic 
stream from the antenna unit and extracting the digitized RF signal; 

digjtal-to-analog convCTter means for receiving tiie primary 
digitized RF signal and recoistructing the primary analog RF signal, 
the strongest of the divosity or primary RF signal being £^lied to the 
receivers; and 

digital-to-analog converter means for receiving the diversity 
digitized RF signal and recanstmcting the diversity analog RF signal. 



15. A cdtular communications system having a cell witii a plurality 

25 of assigned diannels, conqxising: 

a cell base station unit c(xmected by transnnssion nieans to a 
corresponding antenna unit having an antoma located for broadcast and 
reception of sigrials in an area associated wi& the cell, the base station unit 
including: 

30 a plurality of RF transmitters : and lecdvecs, (me for eadi 

channel assigned to die cell; 
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combiner means for combining the RF signal output from the 
transmitters; 

analog-to-digital conversion means for converting the combined 
signal to a digitized stream of sanples; 

5 

means fcir receiving the flamed stream^ a^^ 
conieqxjnding digital signal to the transmission ra^^ 
to fte corresponding antoma unit; and 
rccdvd-mea^ 

10 transmission means torn the corresponding antama unit; 

wherein each antaina unit finther includes: 

demultiplexer means for receiving the framed stream and 
extracting the digitized RF signal; 

digital-to-analog means for receiving the digitized RF signal 
15 and reconstructing the analog RF signal; 

amplifier means for anplifying the recoastmcted signal; 
means for^lying the amplified signal to the antenna so that it 
is broadcast into an area associated with the cell; 

means for reedving m RF signal recdved a the ^^a^ 
20 analbg-to^digitfd cbrivMig the received RF sigtial 

to a digitized data streia^ 

framw inieahs for fiamihjgttk; digitized and 
liiearisfof^^ 

transinission meaiis for trahsmissioti to i^^ 
25 whwein each base station unit fijrtho" includes: 

demultiplexer means for receiving the framed signal from the 
antenna unit and extracting the digitizied RF signal; and 

digital-to-analog converter receiving the digitized RF signal and 
reconstructing tiie analog RF signal, and means for flying the RF 
30 signal to the receivos. 
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16. A cellular communications system including a cell, wherein a 

plurality of telqshone signals are ttansmitted and received between a base 
station and a corresponding plurality of mobile units using RF transmission, 
con^sing: 

5 a cell Ifflse station unit connected by transmission means to a 

carresponding smienna an antenna located fen: broadcast and 

reception of sigpais in an area associated witfa tiie ceil, the base station unit 
including: 

analog KF^gnalge^^ 
10 RF signals on dififeroit diannels canying telqihone signals to mobile 

units in the cell area, and for combining the RF signals to fmn a 
composite analog signal; 

analog-to-digjtal convosion means for adverting the composite 
signal to a digitized stream of san^les and applying the sanpies to the 
15 transmission means for transmission to the corresponding antenna unit; 

vvdierein each antenna unit flirther includes: 

digital-to-analog means f<x receiving the digitized stream of 
sanples from the base station unit, reconstmcting the corre^nding 
coniposite analog RF signal, and iqiqplying the amplified signal to the 
20 antenna so that it is broadcast into the area, associate with the cell; 

analog-to-digital means for receiving an 1^ signal received at 
die antaina, converting the rem RF signal to a digitized stream of 
sanples and^lying die sanples to the liansm^ 
transmissi(xi to the base station unit; and 
25 -wtexan eadi base station unit iurtha- inchides: 

digital-toranalog cdiwcrter means for recdving the digitized 
stream of satiples fitun die antom iinit,: and reccHistructing the analog 
RF signal. 

30 17. A cellular communications system including a cell, \i^aein a 

plurality of telq)hone si^ials are tiananitted and received between a base 
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Station and a corresponding plurality of mobile units using RF transmission, 
comprising: 

a cell base station unit connected by transmission means to a 
corresponding antenna unit having an antenna located for broadcast and 
5 reception of signals in an area associated vvith the mioocdl, the base station 
unit including: 

means for leceivirig m analog telqshime signal from a radio 
COTtroIler and for digitally sjrathesizing^^t^ goieration of a plurality of 
RF signals on diflferent diannels for canying the teIq>hone signals to 

10 mobile units in the microcell area, and for generating a digitized 

stream of sanples conesponding to a digitized form of the plurality of 
synthesized RF signals, and jqsplying the sanples to the transmission 
means for transmission to the corresponding antenna unit; 
vviierein each antenna unit fiffther includes: 

15 digital-to-analog means for recdving the digitized stream of . 

samples from the base station unit, reconstructing the corresponding 
conaposite analog R^ signal^ and flying the amplified signal to the 
antenna so that it is broadcast into the area associate with the cell; 
analog-toKligital means &r recdving an RF signal recd\^ 

20 Ac aiitenna, converting flie recer«^^ R^^^^^ stream of 

samples and applying the sanples to the transnu^ 
transmission to the base station unit; and 
wherein each base station unit fritdier includes: 

converter means for receiving the digitized stream of sanqjles 

25 from the antenna unit, digitally synthesizing a digital forai of analog 

telephone signals represented in the sanples, and generating 
corresponding telephone signals, and supplying them to the telephone 
radio controller. 

30 18. A cellular communications system including a cell, Mliaein a 

plurality of tdesphone signals are transmitted and received between a tese 
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comprising: 

a cell base station unit connected by transmission means to a 
corresponding antenna unit having an antenna located for broadcast and 
5 reception of signals in an area associated with the cdl, the base station unit 
including: 

mearisfiarreceivii^ 

digitally synthesizing the generation of a plurality of RF signals on 

10 differentchannels fijF canying the tdephone signals to^^ units in 

flie cell area, and for generating a digitized stream of samples 
corresponding to a digitized form of the plurality of synthesized RF 
signals, and applying the sanples to the transmission means for 
transmission to the cpnesponding antenna unit; 

15 wiierein each antom xinit fiirA 

digital-to-analog means for receiving the digitized stream of 
sanples from the base station unit, reconstaiK^ing the corresponding 
composite analog RF signal, and flying the an^lified signal to the 
antenna so that it is broadcast into the area associate with the cell; 

20 : analog-to-di^tal^^^ 

the antema, converting the leedved RF st^ to a digitized stream of 
saniples and applying the samples to die transmission ^n^ for 
transmission to the base station unit; and 
vsherein eadi base statim unit iiirther includes: 

25 digital-to-analog converter means fijT rccdving the digitizied 

stream of sanples from the antenna unit, digitally synthesizing the 
analog telephone signals represoited in the sanples, and applying the 
digital telephone signals to an into&ce to the mobile telephone 
switching oflSce. 

30 , , . . . . . 

19. A cellular ccmiiunications system including a cdl, wherein a 

plurality of telephone signals are transmitted and recdved between a base 
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station and a coire^nding plurality of mobile units in the cell using RF 
transmission, comprising; 

a cell base station unit connected by transmission means to a plmality 
of antenna units each having an antenna k)cated for broadcast and reception of 
5 signals in a zone associated with the antenna unit, the zones all located in the 
cell, the base station unit inchiding: 

digitizingmeans fix-recdving aphnality of ^qiione si^s fiXMn a 
molnle telqdione switdiing ofBce arid fi» digitally arynlhraizirig the geaietation 
of a plurality of RF signals on diiFerent channels for carrying the telephone 
10 signals to mobile units in the cell, and for generating a plurality of digiti2ied 
streams of samples corresponding to the synthesized RF signals, one of said 
digitized streams being generated for each antenna unit, said digitizing means 
including means responsive to a first control signal for controlling each 
channel in each stream of samples so that the channels represented in each 
15 stream can be controlled, and applying the sanqslcs of each stream to the 
transmission means for transmission to the corresponding antenna units; 
v^erein each antoma unit fatAxr includes: 
digital4o-analGg means fiir recdving the di^tized stream of san5)les 
fixun the base station unit; reconstructing a om^pcmdiiig analog RF signal, 
20 and the signal to the antama so that it is broadcast into the ai^ associate 
with the cell; 

analog-to^gjtal means for TBcdvitig an RF signd rec« 
antenna, convetting the received RF signal to a digitizBd arieam of smnp 
and applying the sanples to the transmission means for ttat^ 
25 base staticm unit; and 

■v»4ierein each base station unit fiirther includes: 

converter means for receiving the respeaive digitized streams 
of san^les from the antenna tinits, digitally synthesizing the analog telephone 
signals refTCSoited in the sanq>les, and generating corresponding telqjhone 
30 signals for delivery to the mobile telephone switching office said (xniverter 
means including means responsive to a second control signal to selebt at least 
one of said diannels from one of said streams of samples fiom the antenna 
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units and using the at least one channels to synthesi2e the digital fonn of the 
analog telqjhone signal carried on that channel, so that the zone frani a 
channel is obtained can be selected; and 

controller means for monitoring the digitized samples received 
5 fixjm each antenna unit, digitally arialyzing the energy level of each diannel in 
eadi stream, and generating said first and second control signals to said 
digitizing means and said convatcr means so that the didnnels Ixoadcast in 
each zone and the channds h eadi zone obtained to goi^^ 
telqjhone signals can be controlled according to the energy level of signals 
10 received at the antenna units. 

20. A system according to claim 19 fiuther wherein said control 
means includes fade control means for monitoring the fading of an RF signal 
received in a zone and for generating die second control signal to svvitdh^ t^^ 

15 zone fix)m >^ch the lU? signal is obtained, 
obtained. 

21. A system according to claim 20 fiirdier whei^ 

control means can achieve said nranitaring and svwtdiing within 1 second. 
20 . 

22. A cellular communications system including a cell divided into 
a plurality of zones, wherein a plurality of telqjhone signals ae transmitted 
and received b^wcsen a base station and a coresipondingpluiality of mobile 
units in the- zones iising RF tratismissiQiij Conpising: 

25 a cell base station unit connected by transmission means to a plurality 

of antoma units, at least one located in each zone, and each having an 
antenna located for broadcast and recqjtion of signals in the associated zone, 
die base station unit including: 

analog RF signal generation means for gcaierating a plurality of 

30 RF signals on differert channels for canying telephone signals to nwbile uni^ 
in the cell; 
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first switch means responsive to a first control signal for 
switching and oMnbining the RF sigials to form a composite RF signal for 
each zone, the composite signal for each zone containing selected channels; 

analog-to-digital conversion means for converting the composite 
5 signal for each zone to a corresponding digitized stream of sanples and 
flying the samples to the transmission means for transmissicm to each 
CDtresponding antenna unit; 

wdicKan eac^ antenna unit iiirthar i^ 

digital-to-analog means for receiving the digitized stream of 
10 sanqjles fix>m the base statianunit; reccxistmcting a corresponding cornposite 
analog RF signal, and qjplying the anplified signal to the aiitenna so fliat it is 
broadcast into the area associate with the cell; 

analog-to-digital means for receiving an RF signal received at 
the antenna, caiverting the recdved RF signal to a digitized stream of 
15 samples and applying the samples to the transmission nieans for transmission 
to the base statioi uni^ 

vdioein each base station unit fiirther includes: 

digjtal-to-analog converter means for recdvi^ 
streams of samples fix>m each antenna miit, and reconsli^^ 
20 signal for each antenna unit; 

second switching and combining means reqxinsive to ia second 
ccaitrol signal for selectively combining the RF signals fiom tiie anteima units 
to fomi a plurality of composite signals for application to the receivers, eadi 
of the cGo^wsite signals conpising one or inore of the ^R^ 
25 antrama units; and 

control means for monitoring the digitized streams of samples 
from all of the antama units and digitally analyzing the energy level of each 
channel in each zone, and in response thereto genoatbg the first and seamd 
control signals to selectively control die ztxies in which each channel is 
30 broadcast and the zone fixim \^(^ eadi diaimd is received. 
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23. A system according to claim 22 fiirther wiierein said control 
means includes fade control means for monitoring the feding of an RF signal 
received in a zone and for goierating the secc»id control signal to switch the 
zone from which tiie RF sig^ is obtained, wdieretoy a divasity fimction is 

5 obtained. 

24. A system according to claim 23 fiirther vrfierein said fiide 
control means can adiieve said nxinitoring and switdiing within 1 second. 

10 25. A cellular communicaticKis syston including a cell, v^erein a 

plurality of tdqfdione signals are transmitted and received between a base 
station and a come^pcmding plurality of mobile units using RF transmission, 
crai^sing: 

a cell base station unit connected by transmission means to a 
15 corresponding antama unit having an anteraia located for broadcast and 
recqjtion of signals in an area associated with the cell, the base station unit 
including: 

analog RF signal generation means for genaadng a plurality of 
RF signals on different channels carrying telephone signals to mobile units in 
20 the cell area, and for combining the RF signals to farm a composite analog 
signal; analog-torcU^tal ccMivasipn mrans for oonvating the 

oMipoate signal to a digitized stream of san^Ies; 

<li@[ta|fi^ 

goierating a plutality of indiyidud di^tiz^ to at 

25 least one of the diannels, and fiir flying the individual; data streans of 
samples to the transmissi(m means for transmission to 4)e conespanding 
antenna unit; 

whaein each antenna unit fiirther includes: 

digital-to-analog means for receiving the digitized stream of 
3 0 sanples from the base station unit, reconstructing a corresponding analog RF 
signal, and applying the an^lified signal to the antenna so that it is broadcast 
into die area assodate with the cell; 
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analog-todigital means for recaving an RF signal received at 
the antenna and cOTverting the received RF signal to a digtized stream of 

samples; 

digital filter means for filtering the stream of samples derived 
5 from the received RF and generating a plurality of individual digitized streams 
of samples eadi corre^ding to at least one of the channels, and for 
^3plying the individual data streams to the transmission means for 
transmission to die base statim unit; and 

vsiierein each base station unit ftirther includes: 
10 digital^o^analog cowerta- means for receiving the digitized 

streams of sanqjles fix>m the antenna unit, reconstructing analog RF signals 
corresponding to each stream, and applying the RF signals to tiie receivers. 



26. A system according to claim 25 finther wherein the 
15 transmission means conpises the switched telq)hone netvvoik. 

27. A cellular communicatiOTs syston including a cell, wiiereiri a 
plurality of telephone signals are transmitted and received between a base 
station and a conesponding plurality of mobile units using RF transmission, 

20 comprising: 

a cell base station unit connected by transmissioi means to a 
corresponding antenna unit having an antmna located for broadciast arid 
reception of signals in aii area associated with the cell, the tese s^on unit 
including: 

25 means fa: receiving an analog telqjhone signal fi-om a radio 

controller and fir digitally synthesizing the generation of a plurality of RF 
signals on diffaent diannels for canyiog the telephone signals to mobile units 
in the cell area, and for ^laadng a plurality of digitized streams of samples 
each corresponding to at least one digitized form of ore of the synthesized RF 

3 0 signals, and applying the streams of sanples to the transmission means for 
transmission to the correspcmding antenna unit; 
v\dierein each antenna unit fiirther includes: 
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digital-to-analog means fcnr re^ 
samples from the base station unit, reconstructing a corresponding analog RF 
signal, and applying the amplified signal to the antenna so that it is broadcast 
into the area associate Avith the cell; 
5 analog-to-digital means for receiving an RF signal received at 

the antenna, converting the recdved RF signal to a plurality of individual 
digitized streams of sanples eadi ccmsponding to at least me dhannel, and 
£q>plying the streams of sanqiles to the transmission means fir transniissi(»i to 
the base stadon unit; and , 
10 w4ierein each base stadon unit iurdier includes: 

digitalrtoranalog convater meaiis fir recei^ 
streams of samples fiipm the antenna unit, digitally synt^ 
signals represented in the sanq>Ies» reconstnicdng die analog telephone signals, 
and flying the telephone signals to the radio controller. 

15 

28. A system according to claim 27 fiirdier wherein the 
transmission means comprises die switched telqjhone network. 

29. A cellular communications system including a cell, wiierein a 
2 0 plurality of tdqihcme signals are transmitted and received betweoi a base 

station and a coneqxmding phiiality of mobile units ^ i^ RF 

transmission, comprising! 

a cell base station unit connected by transmission means to a plurality 
of antenna units each having an antenna located for broadcast and leoqition of 

25 signals in a zone associated with die antenna unit, the zones all located in the 
cdl, the base station unit including: 

digitizing means for receiving a plurality of telephone signals 
firom a mobile telephone switdiing office and fcM- digitally synthesizing die 
generation of a plurality of RF signals on dififerent channels for carrying die 

30 telephcaie signals to mobile units in the cell, and for generating a plurality of 
individual digitized streams of sanples coiesponding to the plurality of 
synthesized RF signals, one of said digitized streams being generated for each 
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channel to be transmitted to antenna unit so that substantially only those 
channels to be transmitted in the zone are represented by the digitized streams 
of samples, said digitizing means including means respcaisive to a first control 
si^ for controlling each channel so that the content of tadh dianiiel 
5 tiOTsmitted to eadi antam unit can be controUed, and q^plying the san5)l^ 
of each individual stream to the transmission means for transmission to the 
corresponding antenna units; 

wherein eadi antenna unit finlher includes: 

digital-to-analog means fa* receiving the di^ized stream of 
10 samples from the base station unitj reconstructing the consiponding analog 
RF signals, and applying the RF signals to the antenna so that they are 
broadcast into the area associate with flie cell; 

analog-to-digital means for receiving an RF signal received at 
the antenna, generating a plurality of individual digitized streams of samples 
15 each one corresponding to a digitized form of at least one of the channels in 
the received RF signal so that substantially only those channels received in 
the zone are represented by the digitized streams of samples, and applying the 
samples to the transmission meatis for transmission to fte base station unit; 
and 

20 viherein each base station unit further includes: 

converter means for recehing Uie respective di^tisied streams 
of samplesvto the antenna units, digitally synthK form of the 

analog telephone signals represented in the samples, and generating 
con«ponding telq»hone signals fiir delivery to the mobile telephone switching 

25 office, said converter means including means responsive to a second control 
signal to select at least one of said channels from one of said streams of 
samples from the antenna units and using the at least one channel to 
synthesize the digital fonn of the analog telephone signal carried on that 
channel, so that the zone from whidi a diannel is used can be selected; and 

30 controUer means for monitoring the digitizsrf i^^ 

from each antenna unit, digitally analyzing the energy Iwel of ekh diannel in 
each stream, and generating said first and second control signals to said 



W0 94f2Sm 



PCTAJS94/05897 



80 

digitizing means and said converter me^ so that the channels broadcast in 
each zone and the channeb in each zone used to generate the received 
telq)h(me signals can be controlled according to the aieigy level of signals 
received at the antenna units. 

5 

30. A system acctoding to claim 29 
transmission means is a switched telqdione network. 

31. A system according to claim 30 finther wherein said control 
10 means includes &de control means for monitoring the fiiding of an RF signal 

received in a zone and for generating the second control signal to switch the 
zone fixwn v*ich the RF signal is obtained, whereby a diversity fimcticwi is 
obtained. 

15 32. A system according to claim 31 further wlierein said fede 

control means can adiieve said monitoring and switching within 1 seccmd. 

33. A cellular communicaticais system including a cell divided iiito 

a plurality of zones, wiierein a plurality of telqdKMie signals ate transmitted 
20 and received between a base station and a conesponding plurality of mobile 

units in the zones using RF tiansmissicMi, comprising: 

a cell base ststtion unit connected by transmission means lo a plurality 

of antenna units, at least (me located in each 2X)nei and eadi having an 

antenna located for broadcast and reception of signals in the associated zone, 
25 the base station unit including: 

analog RF signal generation means for generating a plurality of 

RF signals on different channels for canying telq)hone signals to mobile units 

in the cell; 

first switch means responsive to a first control signal for 
3 0 switching and combining the RF signals to form a conqjosite RF signal for 
sadi zxxis, the cc»iqx)site signal for eadi zone containing selected channds; 
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analog-todigital conversion means for converting the con^site 
signal for each zone to a corresponding digiti2ied stream of samples; 

digital filter means for filtering the composite signal and goieiating a 
plurality of individual digitized streams eadi orarespondihg to at least one of 
5 the channels, and for flying the individual data strKuns of isan^)Ies to Ifae 
transmission means for transmission to the corresponding antenna unit; 
wherein each antenna unit further includes: 

digital-to-analog means far receiving the digitized stitiain of 
san^les finm the base staticm unit, reconstructing the ccrresprnding conqxisite 
10 analog RF signalj and flying the amplified signal to the antenna so that it is 
broadcast into the area associate with the microcell; 

analog-to-digital means for receiving an RF signal received at 
the antenna, and caiverting the received RF signal to a digitized siream of 
samples; 

15 digital filter means for filtering the stream of samples derived 

fixjm tiie received RF and generating a plurality of individual digitized streams 
of samples each corresponding to at least one of the diannels, and for 
flying the individual data streams to the traiismissim^^ i^ 
transmission to the base station unit; 

20 vviieran eadi base station unit fiirthi^ irK^ 

digital-^to^analog coaivetff means far receiving the digitized 
streams of samples from each antenna unit, and reoanstructing aii analog RF 
signal for each antoma unit; 

second switching and combining means responsive to a second 

25 control signal for selectively combining the RF signals &om the antenna units 
to form a plurality of composite signals for application to the receivers, each 
of the conqrosite signals conpising one or more of the RF signals from the 
antenna units; and 

control means fcM- monitraing the digitized streams of samples 

30 from all of the antmia units and digitally anal>'2ing the energy level of each 
channel in each zone, and in response tfiereto generating the first and second 
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control signals to seleOivehy^ control the zones in Vi^ch each channel is 
broadcast and the zone from wdiich each channel is received 

34, A system according to claim 33 ftnther said control 

5 means includes fede control means for monitoring the feding of an RF signal 
received in a 2»ne and for generating the second control signal to switdi the 
zone fiom vAudi ihs RF signal is obtained, vt4iereby a diversity function is 
obtained. 

10 35. A system according to claim 34 fi^^ 

control means can adiieve said monitoring and switdhing vtdthin 1 second. 

36. A method of passive switdiing in a cellular phone system 

having a cell divided into a plurality of zones eadi sharing a common set of 
15 diannels, conprising the steps of: 

(a) at a base station, generating for each zone a digitized representation 

of the RF signal for the set of channels so that the channels broadcast firom 

each zone can be individually c(Hitrolled, and transmitting die digitized 

rqjresentations to each zone; 
20 (b) receiving the digitized representations in each zone and 

genCTating a corresponding RF signal by dighal-rtoranalog conversion, and 

broadcasting the RF signal in the zm^ 

(c) recdving RF signals in the zone fra- the set of channels, and 
converting the RF signals to a corresponding di^tized represaitation for 

25 transmission back to tiie base statics^ 

(d) at the base recdving the digjtiz^ 

and obtaining a ccne^poiding RF signal for each zon&, and 

(e) monitoring the digitized representation of the RF signals fiom eadi 
zone and based on the energy level of each channel in each zone (i) 

3 0 selectively controlling the channels broadcast into the zones by controlling the 
genoiaticHi of the digitized represotfations as pofcxmed in step (a) and (ii) 
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selectively choosing v*ich zone to obtain a received channel fiom so that 
passive switching imy be accomplished. 

37. A method of passive switching in a cellular phone system 

5 having a cell divided into a plurality of zones each sharing a common set of 
channels, comprising flie steps of: 

(a) at a base station, generatingfor each zone a digitized representation 
of the RF signal fin- the set of channels so that the channels broadcast fiom 
each zone can be individually controlledi aiui transmitting a digitized 

10 reptesentadon for oriy those diannels^^^ 

(b) receiving the digitized representations in each zone and generating 
a conesponding RF signal by digital-to-analog conversion, and broadcasting 
the RF signal in the zcHie; 

(c) receiving RF signals in the zone for the set of channels, and 
15 converting the RF signals to a corresponding digitized repr^sentadOT fiir 

ti^nsmission back to the base station, only those channels in the channel set 
being transmitted back to tiie base station; 

(d) at the base receiving the digitized rqjresentations fiom the zones 
and obtaining a corresponding RF signal for eadi zdn^ 

20 (e) monitoring the digitized iqjresentation of the RF signals from each 

zone and based on Ihc energy level of each channel in each zone (i) 
selectively controlling the channels broadcast into the zoies by controlling the 
generation of the digitized representatioitt as pei^mne^ (a) and (ii) 
selectively choosing which zone to obtain a received diannel fiom so that 

25 passive switching may be accomplished. 

38. A metiiod according to claim 37 fiirther including the step of 

transmitting the digitized rqjresentations between the zones and the base 
station over a switched telephone networL 

30 

39. A medKxi of transmitting cellular phone transmissions to a cell 
using set of diannels, comprising the stqw of: 
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(a) at a base staticKi, generating a digiti2ed rqjresentation of the RF 
signals for each channel and transmitting the representation to a cell remote 
fi-om the base station; 

(b) receiving the digitized representations at the cell and generating a 
5 corresponding RF signal by digjtal-to-analog convecsion, and broadcasting the 

RF signal in the ceil; 

(c) receiving RF signals in Ae cdl for the set of channels, and 
converting the RF signals to a corresponding digitized representation fix- 
ttansmissirai back to the base station; and 

10 (d) at the base receiving the digitized representations from the cell and 

obtaining a con^qxjnding RF signal for each channel. 

40. A method of transmitting cellular phone transmissions to a cell 

using srt of channels, comprising the steps of: 
15 (a) at a base station, generating a digitized representation of the RF 

signals for each channel and transmitting substantially only the representations 

for each channel in the set to a cell remote from the base station, v^iiei^ tiie 

bandwidth required for transmission of the channels is limited over that 

required to transmit all channels in a cellular band; 
20 (b) receiving the digitized representations at the cell and generating a 

corresponding RF signal by digitalrto-andog conversiaii and broadcasting the 

RF signal in the cell; 

(c) receiving RF signals in the cell fi)r the set of channels^ and 
convecting the RF signals to a conesponding digitized representation and 

25 transmitting substantially only the representations for eadi channel in the set 
to the base station, wherd^y the bandwidth required for transmission of the 
channels is limited ova that required to transmit all dannels in a cellular 
band; and 

(d) at the base receiving the digitized representations from the cell and 
30 obtaining a conesponding RF signal foe each channel. 
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41. A method according to claim 40 further including the step of 

transmitting the digitized Kfrcsentations between the cell and the base station 
over the switched telephone network. 

5 42. A method (tf trahsinittihg cellular phone transmissions to a cell 

using set of channels, comprising the steps of: 

(a) at a base statidiii digitally syi^^ a telephone signal 
received from a mobile taejrfraiie iswitdiing office a digitized rqjresaitation 
of the RF signals for each channel and transmitting the representation to a cell 

10 remote from the base station so that no analog transmittal are required; 

(b) receiving the digitized representations at the cell and generating a 
corresponding RF signal by digital-to-analog conversion, and broadcasting the 
RF signal in the cell; 

(c) receiving RF signals in the cell for the set of channels, and 
15 oonverting the RF signals to a con«|pcandih^^^^^^ 

transmission back to the base statim; and 

(d) at the base recdvihg lhe digitiiBd 

digitally obtaining a cdnespdnding tdq^^ sigrial foi^ edch chkiiid so that 
no analog receivers are required. 

43. A method of transrhitting cellular jAione transmissions to a cell 

using set of channels, comprising the steps of: 

(a) at a base station, digitally synthesizing from a telephone signal 
■ received from a mobile telephone switdiing office a digitized representation 
25 of the RF signals for each channel and transmitting substantially only the 

representations for each channel in the set to a cell remote from the base 

station, so that analog transmitters are not required and whoeby the 

bandwidfli required for transmission of the channels is limited over that 

required to transmit all channels in a cellular band; 
30 (b)recdving the digitized representations at the cell and^ g^^ 

conesponding RF signal by digital-to-analog conversion, and hrradcasting the 

RF signal in the cell; 
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(c) receiving RF signals in the cell for the set of channels, and 
converting ttie RF signals to a corresponding digitized rqpresentation and 
transmitting substantially only the representations for each channel in the srt 
to the base station, whereby the bandwidth required for transmission of the 

5 channels is limited over that required to transmit all diannels in a cellular 
band; and 

(d) at tfie base recdving the digitized rqxesentaticms fiiom the cell and 
digitally obtaining a corresponding telephone signal for each channel so that 
analog receivas are not required. 

10 

44. A method according to claim 43 further including the step of 

transmitting the digitized representations betvveen the cell and the base station 
over the switched telqdiCHie nctwDik. 

15 45. A method of passive switching in a cellular phone system 

having a plurality of macrocells including a first macrocellj eadi macrocell 
sharing a common set of channels, comprising the stqjs of: 

(a) providing a plurality of primaiy and secondary mierocell antenna 

units; 

20 (b) dividing the first niac«x«U into a pluraUty of primaiy mioocells, 

viierein the step of dividing iddudes pl^^ mierocell antenna 

units so as to jnovide coverage over Ae first maerxwell; 

(c) providinga pliirality of secondary mierocell antoma units; 

(d) placing the secondary mierocell antoma units to provide macrocell 
25 coverage overlapping the primary microcells; 

(e) at a base station, generating a digitized representation of a 
telephone signal received firom a mdiile telephone switdiing office, selecting 
a mierocell fi^om said plurality of primary and secondary microcells and 
transmitting the digitized represoitation to the mierocell antenna unit of the 

30 selected miaxxxU; 
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(f) receiving, at the seleOed miGracell/ the digitized i^jre^ 
generating a corresponding RF signal by digital-to-analog conversion, and 
broadcasting the RF signal in the selected mioxjcell; 

(g) receiving RF signals in eadi of the plurality of primary and 

5 secondary microcells for the set of channels, and converting the RF signals 
received to conesponding digitized RF signal representations fOT trarisrnission 
bade to the base statioi^ 

(h) at the base recraving the digitized RF dgnal repitseni^ fiom 
the primary and secraidary microcells; and 

10 (O nK^nitoring the digitized RF signal rqiresentations fi^ 

primary and secondary microcells and based bn flie energy level of eadi 
diantiel m each zone: 

selectively controlling the diannels broadcast into each of the 
primary and secondary microcells by controlling the generation of the 
15 digitized representations as performed in step (c); and 

selectively choosing the miaxx«U fitm the plurdity of ptiriiary 
and secondary microcell in v*idi # received channel is received so 



46. Ilie method according to claim 45 whoBih the st^^ 6^ 
generating a digitized reprtsaitation rf a tdqjho^ i^ceived ^am a 
mobile telqjhone svwtching office ctinqmses digital 

rq)resentation of RF signals to be transmitted for each channel fiom the 
telephone signal received fiom the mobile telqjhone switdiing office. 

47. The method according to claim 45 wherein the step of 
generating a digitized representation of a telq>hone signal received fiom a 
mobile telephone switching office comprises generating a digitized 
represaitation of RF signals genaated fiy each dianneL 



48. A method of sectori2dng coverage ovct a particular cellular 

communications area, conpising the steps of: 
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providing a remote unit having a plurality of micxocell antenna units, 
including a first and a second microcdl antenna unit, wherein each miCTOcell 
antenna unit comprises an antaina configured to cover a particular sector and 
a diimnd filter unit used to filtw diannels assigned to the particular sector, 
5 connecting the r^ctfe unit to a sec^ 

the stg) of connBCting conpises providing a unique sector fiequaiq' 
associated wilh each antenna unit sector; 

comecdng die sexitorized base: statim^u^ 
telecommunications switching ofGoe; 
10 generating at ^e sectcnized base station miit, a 

of a telephone signal received fit>m the nKibile tdqjhone svvitdung ofBce; 

transmitting the digitized np^sontation to themicrocell antenna unit 
for a particular sector; 

receiving, at the first inicrocell aiitqina unit, a first RF signal, 
15 digitLong the first RF signd arid onivertiiig tiie digitized first RF to a 
first sector fiequency; 

receiving, at the second niicroceU antaina unit, a second RF signal, 
digitizing the second RF signal and corivaling the digitized second RF si^ 
to a second sectcs' fiequency; and 
20 mult^lexing the digitized first RF signal at the first sectcn- fiequency 

and the digitized second RF signal at die second sector fiiequency and 
tratisrnitting the multiplexed signal to the sedonzBd base statioi. 
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